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INTRODUCTION 
Vegetables need no introduction as their recognition 
as an important article of daily human diet has come to be recog-
nized all over the world. Though the term vegetable seems to be 
easily understandable as indicative of fresh plant material, but 
has no exact definition. However, in common usage, the term 
vegetable is applied to the edible herbaceous plants or their 
parts, which are commonly used for culinary purposes. According 
to Randhawa (1966) the term vegetable includes all food of veget-
able origin, but the definition now exclude cereals and dried 
seeds of pulses. However, it includes potatoes, sweet potatoes 
and several other tubers. 
In India, vegetarianism has been a way of life since 
the early days of recorded history and vegetables hold an 
important place in our diet. Moreover, vegetables hold a high 
potential for combating the food shortage as their yield per unit 
area is more than 5 times of any cereal crop. Due to the higher 
yield per unit area and the presence of certain vitamins and 
mineral salts vegetables can be looked as suitable subsidiary food 
material particularly in undeveloped countries, where they can 
be helpful in amelioration of malnutrition as well as undernutri-
tion. It would not be out of place to mention here some of the 
facts which make vegetables so important. Vegetables contribute 
vitally to the general well being due to the following reasons. 
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Vegetables are rich source of protective elements like 
mineral salts, vitamins and other chemical substances which the 
human body needs to maintain good health and cheer. They are 
important for neutralizing the acids produced during the digestion. 
They are valuable roughages as they promote digestion and help to 
prevent constipation. 
In our country, the land under vegetable cultivation is 
many times more than in western countries, but if we compare the 
yield we find ourselves trailing far behind than them» Of the 
various factors behind this low productivity, an important factor 
is the diseases caused to them by various pathogens, viz, fungi, 
bacteria, nematodes and viruses. 
Virus diseases are important as they not only reduce 
severely the production and quality of the vegetables in all parts 
of the world, especially in underdeveloped and developing countries 
like ours, but sometimes render the whole crop unmarketable. We now 
know how to avoid some of the crop losses (caused by diseases), but 
many others particularly those caused by viruses present unsolved 
problems. With the continuing increase in world population, and 
the increasing strain on supplies of food it is imperative that 
virus diseases of plants should be intensively studied so that ways 
may be worked out to minimize the losses they cause. 
After going through the voluminous literature on virus 
diseases of vegetables it has been found that most of the reports 
deal with the symptoms, host range and biophysical properties or 
in other words very few reports deal with the proper identifica-
tion of the viruses causing diseases in vegetables. However, from 
the taxonomic point of view, it is necessary to properly character-
ize and identify an unknown virus so that its position among the 
known plant virus groups becomes clear. 
According to Matthews (1982) there are now 25 well 
defined groups of plant viruses. Viruses in each of these groups 
usually have: Particles with the same structure and with closely 
similar composition; similar genomic strategies, i.e, they cause a 
similar range of symptoms and cytological changes in infected 
plants; similar ecological life cycles, i.e. their mode of spread 
is similar, members of each group that is vector-borne have vectors 
that are usually closely taxonomically related, and their relation-
ship with those vectors (e.g, feeding conditions for optimal trans-
mission) are the same,, 
On the other hand members of each group generally differ 
in: their natural and experimental host range; the sympotoms they 
cause in the particular host species and their vector species. 
Review of literature on viruses of cucubits, chilli, 
tomato and others has knowingly been omitted from this disserta-
tion as their inclusion would have made it too voluminous. More-
over, virus diseases of the vegetables reviewed here (viz. brinjal, 
cauliflower, carrot, okra, pea, spinach, radish and turnip) in this 
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dissertation have not been investigated much in our country in 
comparison to that of chilli, cucurbits and tomato. 
Thus it has been proposed to make attempts to identify 
an unknown virus causing disease in any of the vegetables reviewed 
in this dissertation, which will be based on the above mentioned 
characters. 
CHAPTER 2 
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BRINJAL (Solanum melongena L.) 
Brinjal (eggplant) is Infected by a number of viruses 
causing various types of symptoms mainly mosaic mottling, A mosaic 
type disease of brinjal was first to gain the attention of Kulkarni 
(1924), Fetch (1924) and Burger (1924) in India, Ceylon and U.S.A., 
respectively. However, mosaic of brinjal as a virus incited 
disorder was first shown by Alexandri (1937) who investigated a 
mosaic disease of brinjal in Rumania, where it first appeared in 
1931. Affected plants developed abnormally slowly and the leaves 
did not attain their proper size and showed yellow, interveinal 
lesions typical of mosaic infection. The diseased foliage rapidly 
shrivelled and shed. The virus was mechanically transmissible to 
a number of solanaceous hosts and was inactivated by exposure to a 
temperature of 60°C, but not by dilution upto 1:1000. The aphid, 
Phorodon (Myzus) persicae was suspected to be a vector of the 
virus. 
Eggplant yellows, a disease apparently caused by a virus, 
and occurring in various parts of U.S.A. was reported by Jones 
(1942). The disease was characterized by conspicuous yellowing of 
leaves. The disease was transmitted by budding within 31 days but 
not by the insect tested. 
Raychaudhuri (l947) described a mosaic disease of brinjal 
from Delhi, India. The disease caused bright green mosaic mottling. 
6 
puckering and crinkling of the leaf, occasionally the development 
of pale straw coloured concentric irregularly shaped rings on the 
leaf and in some cases the leaf was changed into a filamentous 
structure. The number of flower and fruit was reduced. The disease 
was shown to be graft transmissible and by Empoasca devastans, but 
not by Myzus persicae, Varma and Nariani (1958) while reinvestiga-
ting the disease described by Raychaudhuri (l947) found it not 
transmissible by Empoasca devastans, as had been reported. 
Eggplant mosaic, a sap transmissible disease producing 
mosaic, ring spotting or both symptoms was described by Dale (1954) 
from Trinidad. The virus was not transmissible by .^his gossypii, 
but the flea beetle (Epitrix sp.) was found to be an occasional 
vector. 
Vasudeva (1958) showed that the mosaic of brinjal was 
caused by a complex of two viruses, one of which caused mosaic 
symptoms and the other local necrotic lesions in Nicotiana 
glutinosa. The disease was shown to be sap transmissible. 
Based on host range studies, serology and electron micro-
scopy, Majorana and Russo (1966) identified lucerne (alfalfa) mosaic 
virus as a cause of eggplant yellows (Jones, 1942). The virus in 
eggplant caused yellow patches on leaves and slight stunting of 
plants. 
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A new virus disease of brinjal characterized by mosaic 
symptoms with pronounced leaf yellowing, stunting and reduced 
development of flowers and fruits was reported by Seth et al.(1967), 
The virus was sap transmissible and the aphids. Aphis craccivora, 
y^his gossypii and Myzus persicae were shown to be the vectors of 
the virus. The virus on the basis of common physical properties, 
insect vectors and certain host reactions was distinguished as a 
* 
strain of cucumber mosaic virus. Further investigations confirmed 
that the virus was a new strain of cucumber mosaic virus having a 
diameter of 35-36 m)u (Seth and Raychaudhuri, 1973)» 
A virus resembling tobacco etch virus in its host range, 
symptoms and transmission by Myzus persicae was reported to occur 
on brinjal by Verma and Lai (1967), The virus was found to be 
infective up to a dilution of 10" , active up to 65°C and had a 
longevity in vitro for 6 days at room temperature (24°C). 
Sharma (1969) studied the mosaic of brinjal causing 
severe losses in Deccan, Based on the differences in physical 
properties, transmission, host range and cross protection 5 viruses 
were isolated. Isolate LL (eggplant mild mosaic) and isolate 4 
(common eggplant mosaic) were found to be the strains of TMV and 
CMV, respectively. Isolate SS (eggplant severe mosaic), isolate 6 
(eggplant ring mosaic) and isolate 17 (eggplant crinkle mosaic) 
differed from one another and were not related to TMV and were 
shown to be new records on the brinjal. 
8 
In Italy, Martelli (1969) described a new virus disease 
of eggplant characterized by mottling and crinkling of the leaves 
and low yield. The virus named as eggplant mottled dwarf virus was 
shown to be an enveloped virus- like lettuce necrotic yellows virus, 
potato yellow dwarf virus and maize mosaic virus. The virus 
particles were bacilliform and measured 2210 + 108 x 660 + 45A°, It 
was shown to be graft transmissible to eggplant but not by sap. 
However, in further studies Martelli and Rana (1970) found it to be 
transmissible by sap to a number of hosts. The dilution end point 
-3 —4 o 
was between 10 -10 , thermal inactivation point 51-57 C, and at 
4°C virus lost infectivity after 30-44 h. 
In fine structures studies on naturally infected and 
inoculated eggplants with eggplant mottled dwarf, virus particles 
were found in the parenchyma cells of the petiole, calyx, corolla, 
pistil and ovary, and in the outer layers of the fruit pericarp. In 
the cytoplasm the virions were always contained within swellings of 
the endoplasmic reticulum (Russo and Martelli, 1972). Savino and 
Russo (1979) reported the occurrence of mottled dwarf of eggplant in 
Northern Italy. The virus particles in infected plants were indis-
tinguishable from the rhabdovirus reported from Apulia, South Italy 
(Martelli, 1969), 
Eggplant mosaic virus infecting eggplant in Trinidad was 
studied by Gibbs and Harrison (l969). The virus was readily trans-
mitted to a number of solanaceous and few non-solanaceous plant 
species. Purified preparations contained isometric particles of 
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30 nm diameter with sedimentation coefficient of 53 S and having 
32 morphological subunits. Eggplant mosaic virus (EMV) was serolo-
gically shown to be closely related to Andean potato latent virus 
and had a similar host range, though it was more virulent. A few 
symptomatologically and serologically distinguishable EMV strains 
were isolated. EMV had properties typical of viruses of the Andean 
potato latent sub-group of the turnip yellow mosaic group of viruses 
and its cryptogram was shown to be as */* » */"• » S/S : S/Cl, 
A new strain of cucumber mosaic virus causing eggplant 
mosaic was newly recorded on 2 common weeds^viz. Trianthema 
monogyna and Boerhaavia diffusa. The virus was readily transmitted 
to eggplant from these weeds by ^his gossypii and Myzus persicae 
(Khurana, 1970). 
Rana and Volvas (1971) and Ragozzino (1973) reported a 
strain of cucumber mosaic virus causing mosaic disease of brinjal 
in Italy, 
Mayee (1974) demonstrated the transmission of brinjal 
mosaic virus through the seeds of seme brinjal varieties^but the 
concentration of the virus transmitted through the seeds was too 
low to produce characteristic mosaic syndrome. 
A new virus disease of eggplant characterized by necrotic 
spots on the young leaves and sometimes followed by twisting or 
crinkling of the leaves and dwarfing of the whole plant was observed 
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near Tokyo, Japan by Morita et al, (1974) during 1971-72. Based on 
the host range, particle morphology and properties J.n vitro, the 
virus was shown to be broad bean wilt virus, this being its first 
report on eggplant, 
A TMV strain from naturally infected eggplant in Egypt 
was reported by Eskarous (1974). Marchoux and Rougier (1974) 
reported the natural occurrence of alfalfa mosaic virus on egg-
plant for the first time in France. 
Sastry and Nayudu (1976) reported the incidence of 
tobacco ring spot virus producing ring spot symptoms on eggplant. 
The virus was transmitted by sap but not by Myzus persicae. Aphis 
gossypii and A, craccivora. Thermal inactivation point was 65-70°C, 
—3 —3 dilution end point 10 -3x10 , and infectivity was retained up to 
7 days. Transmission by eggplant seeds was 3.2-9o8%. 
A green mosaic disease of brinjal, previously unrecorded 
in Nigeria was reported by Ladipo (1976). The disease was character-
ized by green mosaic symptoms and fewer fruits in diseased plants. 
The virus was sap transmissible but not by Myzus persicae. It lost 
-4 o 
infectivity at 10 dilution, after heating at 60 C for ten minutes, 
or after 4 days of ageing at lab. temperatures of 25-28°C, 
A new disease of brinjal producing vein clearing, mild 
mosaic and deformation of leaves and general stunting of plants was 
reported by Naqvi and Mahmood (1976) from Aligarh. The virus was 
found to be transmitted by sap but not by 3 aphid species tested 
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(y^his gossypii, Brevicoryne brassicae and Myzus persicae). The 
virus tolerated a dilution of 10 , heating up to 60**C but not 65°C 
and remained infective in crude sap for 150 h at 10*^ C and for 96 h 
at room temperature. Under electron microscope the particles 
appeared as flexuous filaments measuring 760 nm long and 13 nm wide. 
The virus was found to be different from other viruses affecting 
brinjal and was designated as brinjal mild mosaic virus. 
Based on differential host range, serological tests, 
physical properties and electron microscopy Kemp and Troup (1977) 
identified alfalfa mosaic virus occurring naturally on eggplant in 
Ontario, Canada. The virus was transmitted mechanically with sap. 
Myzus persicae transmitted the virus from tobacco to eggplant in a 
stylet borne manner. The disease was however, shown to be of minor 
economic importance, 
Seth and Raychaudhuri (1977) reported a new mosaic 
disease of brinjal and investigated the relationships of the causal 
virus (a strain of OAV) and its vector, ^ his gossypii Glov, >^his 
gossypii could transmit the disease and were capable of acquiring 
and transmitting the virus with an access period of 30 second each, 
pre-acquisition fasting enhanced the efficiency of aphids to trans-
mit the virus. The virus was retained for several hours while 
fasting, .but quickly lost while feeding. Both winged and non-
winged aphids were equally efficient transmitters, but the virus 
was not retained following a moult, thereby indicating its non-
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persistent or stylet borne nature. Top leaves of young tobacco 
plants were the best virus source and young plants better test 
plants than older ones, Pre-inoculation darkening of plants did 
not increase their susceptibility to the virus through aphid 
inoculations. 
Cucumber mosaic virus was shown to be the probable cause 
of a mosaic disease of brinjal in Maharashtra, India (patil and 
Mali, 1977). 
Bala and Bhargava (1977) reported the natural occurrence 
of potato virus C producing mosaic symptoms in eggplant. The ident-
ity of the virus isolate was confirmed by the production of local 
lesions on leaves of potato varieties, King Edwards, Majestic and 
Up-to-date. The virus gave a positive serological reaction with 
antiserum of potato virus Y. 
Sastry and Naydu (1978) reported tobacco ring spot virus 
(TRSV) causing ring spot symptoms in brinjal in fields around 
Tirupati and Banglore. Infection resulted in yield losses of 55,2-
70o3?S. 
Rao (1978) described a mosaic disease of brinjal. The 
virus was sap transmissible to eggplant as well as hosts in 
Cucurbitaceae, Solanaceae and Chenopodiaceae. Thermal inactivation 
point was 60-65°C and dilution end point 1:100, longevity in vitro 
at room temperature was 48 h and at 0-4 C 5-6 days. The virus 
preparations showed the presence of rod shaped particles measuring 
13 
290x18 nnio It was shovm to be serologically related to cucumber 
vein yellowing virus. 
Shawkat and Fegla (1979) isolated cucumber mosaic virus 
(CMV) from naturally infected eggplants in Iraq, The virus was sap 
transmissible as well as by ^ his fabae and Myzus persicae. Thermal 
o . -4 
inactivation point was 65 C, dilution end point 10 and longevity 
in vitro 4 days, 
Sastry (1982) studied the mosaic disease of brinjal in 
Karnataka, India and based on host range, physical properties and 
transmission, identified 3 viruses infecting brinjal. The viruses 
identified were PVY, tobacco ring spot and tobacco mosaic virueses, 
A key using four differential hosts was developed for identifica-
tion. 
Khalil et al. (1982) isolated a virus inducing leaf 
mottling in eggplant. The virus was sap transmissible to a numter 
of hosts and produced mottle, mosaic or leaf necrosis in tobacco. 
The virus was transmitted neither by Myzus persicae nor by seeds 
from infected plants. It was inactivated at 70*^ C (10 minutes' 
o —3 4 
exposure), after 7 days at 25 C and by dilution between 10 -10 , 
Based on particle length (693 nm), lack of cytoplasmic inclusions 
and immunological studies the virus was assigned to carlavirus 
group, 
Koenig and Avgelis (1983) identified a tombusvirus from 
greenhouse eggplants showing leaf mottling and stunting. Using agar 
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gel double diffusion test the isolate was shown to differ from the 
type strain of tomato bushy stunt virus. The isolate was serologi-
cally identical to BS3 strain of tomato bushy stunt virus but showed 
differences in host range and eiectrophoretic mobility. 
Two strains of CMV, ordinary strain and pepper strain 
COAV-P), causing ring spot and chlorosis in eggplants in Hokkaido, 
Japan were isolated by Fujisawa and lizuka (1983). 
Salamon et ale (1983) reported the mosaic yellows of egg-
plant in Hungary, It was shown to be caused by local and systemic 
bean strains of alfalfa mosaic virus, 
Rast (1985) studied an eggplant strain of tobacco mosaic 
virus. On the basis of comparison of symptom expression and host 
range, he showed that the aubergine isolate (AI) of TMV from the 
Netherlands differed biologically from other TMV strains and thus 
suggested that it be classified as a distinct strain. 
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CARROT (Daucus carota L.) 
Stubbs and Grieve (1944) described a virus disease of 
carrots from Victoria, Australia. The first symptom on young 
plants at the 3 to 4 fern leaf stage was a reduction in length and 
a slight twisting of the petioles of the leaf which emerged immedi-
ately after infection. The leaflets appearing after infection were 
reduced in size, A chlorotic condition (almost a mosaic of light 
and dark green areas) then appeared on the leaves; the leaf petioles 
became twisted, and the plants remained stunted and failed to 
produce marketable roots. Plants in intermediate stage of develop-
ment showed stunting of the leaves and twisting of the petioles and 
sub-petioles. The outer leaves showed an irregular chlorotic 
mottle which was replaced by marginal chlorosis, and it in turn 
gave rise to marginal reddening. Plants infected at a stage of 
approaching maturity showed the distortion and shortening of 
petioles of the leaves emerging after infection, resulting into a 
rosette appearance. The petioles of these leaves were brittle and 
sometimes showed brown, necrotic streaks. Disease was shown to be 
transmitted by an aphid provisionally identified as Cavariella 
aegopodii scopoli. In further studies, Stubbs (1948) worked out 
the transmission, host range and control measures of the disease. 
He found that the virus was readily transmitted by Cavariella 
aegopodii causing 100 per cent infection. It was also transmissi-
ble by grafting but not by mechanical inoculation or through seed. 
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Carrot (both cultivated and wild) was shown to be the only natural 
host. However, Apium ammi. A, australe, Conium maculatum, dill and 
coriander were infected experimentally, while celery, parsley, 
parsnip, caraway and fennel were apparently immune. All the carrot 
varieties tested were susceptible to the virus infectiono Infected 
roots transplanted for seed were often killed, but in those which 
survived the seed production was greatly reduced. Elimination of 
vector by spraying insecticide was suggested as a mean of control 
measure, Stubbs (1952) named the virus causing this disease as 
'carrot motley dwarf'» 
Motley dwarf virus disease of carrot was reported from 
California by Stubbs (1956) who reported the same from Australia 
(Subbs and Grieve, 1944; Stubbs, 1948). Though the virus was shown 
to be transmitted by aphid Cavariella aegopodii, but the population 
of aphid was low and the virus appeared to spread far less rapidly 
than it did so in Australia. 
Komuro and Yamashita (1956) reported motley dwarf disease 
of carrot from Japan. The disease was supposed to be the same as 
described by Stubbs (1952) from Australia, The motley dwarf virus 
was transmitted by aphid Brachycolus heraclei but not by Myzus 
persicae, nor mechanically or by seed. 
In the report of DSIR, New Zealand for the year 1959, the 
motley dwarf virus disease of carrot was shown to be present in 
N.Z, causing serious reduction of yield. 
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Watson (i960) reported motley dwarf of carrots to be 
present in 7 counties in England, In further studies, Watson et al. 
(1964) investigated the carrot motley dwarf and parsnip mottle 
viruses and found that both were transmitted by aphid Cavariella 
aegopodii which required a minimum acquisition feeding of c, 9 h. 
The infectivity of carrot motley dwarf virus was shown to be 
associated with particles of 30 mp diameter and infected sap was 
increased by extraction at a high pH in the presence of Zn, Parsnip 
mottle virus was transmitted by both C, pastinaceae and C, aegopodii, 
while carrot mottle virus only by the latter. The two viruses were 
distantly related and their relationship with viruses of barley 
yellow dwarf group and lettuce necrotic yellows was noted. 
Watson et a^ ,, (1961) found that the carrot motley dwarf 
virus was transmissible from carrots by mechanical inoculation, if 
the calarified sap is buffered at pH 7,0, also in water phenol 
extracts. For both the preparations the dilution end point was 
about 1/1,000. Field spraying with metasystox was recommended for 
eliminating the insect vector which thereby increased the yield. 
Crimson clover (Trifolium incarnatum), Nicotiana xanthi and prince 
beans (phaseolus vulgaris) were added to the list of hosts for 
carrot mottle dwarf virus (Watson et al,, 1963). 
Murant and Goold (1964) reported carrot motley dwarf 
disease from Scotland and studied its transmission. During Nov,-Feb, 
aphids were unable to transmit the disease in glasshouse grown 
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carrot plants and it was concluded that lack of light reduced the 
concentration of carrot red leaf virus component and this inter-
fered with the transmission of the carrot mottle virus component. 
The virus^ carrot red leaf was transmitted by Cavariella aegopodii 
from the wild Anthriscus sylvestris, from which 2 sap transmissible 
viruses had also been isolated. 
Chod (1965) described a new virus disease affecting 
carrots from Bohemia and Moravia, Czechoslovakia. The virus was 
named as carrot mosaic virus. Infected plants showed distinct 
mosaic on outer leaves, while the inner ones remained generally 
unaffected. Spots 1-2 nm large, indistinct in outline and varying 
in number were present over the leaf blade. Symptoms were often 
masked at a temperature of above 20*^ C. In the 2nd year symptoms 
developed after 3-4 weeks' growth of infected seedlings. Middle and 
lower leaves were curled and sometimes orange spots appeared. 
Though the plants became weak, but seeds were not affected. Using 
cowpea as an indicator plant it was shown that the virus was 
unstable in crude sap and little infectivity was retained in dry 
leaves. Virus particles were filamentous measuring c. 752 mp in 
lengtho 
In further studies, Chod (1965, 1966) investigated the 
ways in which carrot mosaic virus was transmitted. Symptoms produ-
ced by virus on inoculating carrot seedlings distinguished it from 
Apium virus 1 (celery mosaic virus), and the host range differed 
19 
from that of Cucumis virus 1 (cucumber mosaic virus), ^hids, 
Acyrthosiphon pisum, Cavariella aegopodii and Myzus persicae trans-
mitted the virus to carrot and 11 other plant species of 4 families. 
Based on host range and vector virus relationship the virus was 
shown to be distinct from the Australian carrot motley dwarf virus 
(Stubbs, 1952) and >^ium virus 1 (celery mosaic virus). 
Murant ejt a^. (1969) studied the properties of carrot 
mottle virus. Dilution end point of the virus in the sap extracted 
—3 from mottle virus infected Nicotiana clevelandii was 10 , thermal 
inactivation point at 70°C (10 minutes' exposure) and longevity 
in vitro at room tert^ erature for 9-24 h. Partially purified prepa-
ration contained spherical particles of 52 nm diameter. These virus 
particles were shown to differ from any known plant virus and 
contained lipid. The cryptogram was: R/* s */* '» S/(S) : S/Ap, 
Heinze (1968) reported carrot motley dwarf from Germany, 
Reddening symptoms on carrot leaves in the fields were caused by 
a virus complex with 3 different components. One, carrot mottle 
virus was mechanically transmissible to other umbelliferous plants 
(not carrot) and to some Solanaceae, Leguminosae and Chenopodiaceae, 
The transmission by Cavariella aegopodii was possible only when the 
virus was combined with another virus component, the carrot red leaf 
virus. This virus, probably seed borne was confined to umbelli-
ferous plants and transmitted only by vectors. Parsnip mottle 
virus, affecting celery and parsnip was transmitted mechanically 
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and by C, aegopodii and C. pastinaceae, and induced symptoms on 
Nicotiana clevelandii and Trifolium incarnatum. 
Kitajima ejb al, (1968) observed particles measuring 
740 mpx15 mju in carrot mosaic infected leaf preparation of indicator 
plants and suggested carrot mosaic virus to be a member of PVY group. 
Schmelzer and Wolf (1969) reported Nasturtium ring spot 
virus on carrots in East Germany, 
Iwaki and Komuro (1970) isolated celery mosaic virus from 
carrot plants showing mosaic and occasionally fern leaf symptoms 
from Nagano Prefecture, Japan, Cucumber mosaic virus (ordinary 
strain) was isolated from carrot plants showing mosaic symptoms only 
in Chiba and Hiratsuka, Japan, 
Campbell and Melugin (1971) isolated alfalfa mosaic virus 
(ordinary type AMV) for the first time from carrot. The virus was 
identified by its serological reactions, particle morphology, aphid 
vector, host range and symptoms. 
Krass and Schlegel (1974) found 3 morphologically distinct 
virus particles associated with 'motley dwarf diseased carrot. 
These were 30 nm and 50 nra diameter particles and approx, 750x15 nm 
rods. Host range studies indicated that at least 4 distinct viruses 
were present in same samples as neither carrot mottle, carrot red 
leaf nor celery mosaic viruses had been reported as causing systemic 
infection in bean (phaseolus vulgaris). No evidence of seed trans-
mission was found. 
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Carrot motley dwarf disease was reported from Washington 
and Oregon by Howell and Mink (1974) but they could not work out 
the number of viruses involved in inducing this disease. 
In further studies, Howell and Mink (1976) studied host 
range, purification and properties of a flexuous rod shaped virus 
isolated from carrots. The virus was named as carrot thin leaf 
virus (CTLV), Purified preparations showed flexuous rod shaped 
particles with a modal length of 736 nm. The virus was transmitted 
by Myzus persicae and Cavariella aegopodii. Longevity in vitro was 
of 2 days, thermal inactivation point 50-55®C and dilution end point 
10 . Virus morphology, vector relationships and properties 
suggested it to be a member of potyvirus group. The virus (CTLV) 
differed from all other members of potyvirus group in its host 
range, symptomatology and serology. Infected carrot plants 
developed characteristic twisted thread like leaflets with vein 
clearing and chlorotic spots, 2-3 weeks after inoculation. 
Costa et ai,. (1975) studied yellowing or red leaf of 
carrot in Brazil. Disease was shown to resemble one caused by 
carrot motley dwarf virus in Australia and carrot red leaf virus 
in England. The disease caused losses upto 50 per cent. The virus 
was transmissible by Cavariella aegopodii but not by sap or by 
seed. The virus particles were 30 nm in diameter and sometimes 
co-existed with an elongated 750 nm virus causing mosaic and leaf 
malformation. Isolation of crops, vector control and the use of 
resistant varieties were advocated as control measures. 
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A new strain of alfalfa mosaic virus (AMV) was isolated 
from carrots in France by Douine (1976). The virus, identified on 
the basis of electron microscopy and serology was shown to differ 
from other strains of AMV in reactions on a range of differential 
hosts. 
Ohki et, al, (1978) isolated a new virus from carrot which 
they named as carrot latent virus (CLV)- a new rhabdovirus of 
carrot. Infected plants sometimes showed vein clearing 15-20 days 
after inoculation, but later became symptomless. The virus was not 
sap transmissible, but was transmitted to celery, Cryptotaenia 
japonica and carrot by aphid, Semiaphis heraclei in a persistent 
manner. In thin sections of CLV infected carrot leaves virus 
particles were seen in the cytoplasm and on the surface of nuclei 
in various kinds of cells. The particles were 70 nm wide and 
220 nm long, and those in the cytoplasm were often surrounded by a 
membrane. 
Kemp and Barr (1978) reported natural occurrence of 
tobacco necrosis virus (TNV) in rusty-root disease complex of 
Daucus carota in Ontario. TNV serotype A was isolated from natur-
ally infected carrots with severe lateral root necrosis and identi-
fied by its host range, physical properties, serology and particle 
size and morphology. Olpidium brassicae, associated with the same 
disease syndrome successfully transmitted the virus. 0. brassicae 
alone produced brown discoloration of the roots whereas TNV-A alone 
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did not. Necrosis was intensified when the fungus and virus were 
in combination, 
Elnagar and Murant (1978) studied the relations of carrot 
red leaf (CRLV) and carrot mottle (CMotV) viruses with their aphid 
vector Cavariella aegopodii. They, working with Scottish isolates 
of the CRLV and CWotV, confirmed the dependency of CMotV on CRLV 
for transmission by C. aegopodii. CMotV was transmitted by aphids 
only when the 2 viruses were present in the same source plant, and 
its transmission was not assisted by anthriscus yellows virus, 
which acted as a helper for parsnip yellow fleck virus. Some test 
plants became infected with CRLV alone, and a few with CMotV alone, 
CRLV was considered to be a tenative member of the luteovirus group, 
Howell and Mink (1979) estimated the losses caused by 
carrot motley dwarf (CMDV) and carrot thin leaf (CTLV) viruses. 
Glasshouse and field tests in Washington in 1974-76 showed that 
early infections of CMDV lowered root yields by 44-79?^  and seed 
yields by 62-83%. CTLV reduced root yields by 14-2896 and seed 
yields by 24-2856 in similar tests. No seed transmission was 
observed. CMDV did not affect the percentage seed germination, 
Ohki ejt aJL. (1979) isolated small spherical virus parti-
cles from carrot plants infected with carrot red leaf virus (CRLV). 
CRLV, a component of carrot motley dwarf complex was shown as a 
small spherical virus of c. 27 nm diameter restricted to phloem 
cells. On the basis of yellows type symptoms, aphid transmission 
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in a persistent manner and particle homology, CRLV was treated as 
a member of the luteovirus group. 
Waterhouse and Murant (1982) studied the viruses affect-
ing carrot. Carrot red leaf and carrot mottle viruses were noticed 
together with tomato black ring virus reported for the first time 
on carrot in U.K. 
Chod (1984) isolated celery mosaic virus from carrot 
variety Nantes. Isolates were transmitted mechanically to carrot, 
Chenopodium amaranticolor, C, murale, Ammi majus and celery. 
Electron microscopy of infected plants revealed filamentous parti-
cles measuring 760 nm in length. The virus isolates reacted with 
the antiserum to celery mosaic virus. The virus based on the 
results of diagnostic tests was shown to differ from other viruses 
found on carrot. 
In the Netherlands, van Dijk and Bos (1985) described 
the viral die back of carrot, chervil (Anthriscus cerefolium), 
coriander (Coriandrum sativum), dill (Anethum graveolens) and some 
wild Umbelliferae, Often higher disease incidence was observed in 
carrots grown for seed but low in ware crops. There was no 
secondary spread. The causal virus was identified as the Anthriscus 
str. of parsnip yellow fleck virus (PYFV). They found that the 
aphid Cavariella aegopodii transmitted the virus from Anthriscus 
sylvestris, and Anthriscus yellows virus (to which carrot is immune) 
acted as a helper virus. Nicotiana benthamiana was found to be a 
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new host and was an important host for isolation of PYFV by sap 
transmission. None- of the 12 carrot cvs. or wild carrot was immune 
to PYFV. Control using systemic insecticides had limited effective-
ness. Carrot red leaf and carrot mottle viruses (known to cause 
carrot motley dwarf disease) were also of common occurrence but they 
did not cause die back symptoms. Cucumber mosaic virus, parsnip 
mosaic virus and a virus resembling that of carrot yellow leaf were 
occasionally isolated from carrot. Symptoms due to mycoplasma were 
also observed. 
Waterhouse (1985) showed carrot red leaf virus (CRLV) to 
be associated with a leaf reddening of carrots and dill (Anethum 
graveolens). The virus (CRLV), a new record for Australia was 
identified on the basis of aphid transmission (by Cavariella 
aegopodii), particle morphology, host range and serology. Carrot 
mottle virus was not found in any of the plants infected by CRLV. 
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CAULIFLOWER (Brassica oleracea var, botrytis) 
A mosaic disease of cauliflower was first observed in the 
coastal areas of Central California, U.S.A. by Tompkins (1934), 
Noble et aj^ . (1935) reported a mosaic disease of cauliflower from 
N.S.W., Australia. Smith (1935) reported cauliflower mosaic from 
England, The disease, since then has been reported from many 
countries particularly of temperate zone like Germany (Moericke and 
Winter, 1940), Spain (Sardina, 1943), Yugoslavia (Mamula and 
Milicic, 1968). The disease has also been reported from Rhodesia 
(Hopkins, 1940; Hopkins and Pardy, 1942) and South Africa (Hean, 
1949), 
First detailed account of the virus incited mosaic 
disease of cauliflower was given by Tompkins (1937). The first 
symptom of the disease, both in natural and artificial infection 
was a clearing of the veins, usually beginning at or near the base 
of the leaf, followed by vein vanding, mottling, necrotic spotting, 
curvature of midrib and distortion of leaves and severe stunting of 
plants. The virus was transmitted by Brevicoryne brassicae, 
Rhopalosiphum pseudobrassicae and Myzus persicae. The virus was 
also transmissible by sap with carborundum. The host range 
included 51 vegetable varieties, 3 ornamentals, and 5 weeds, all 
belonging to the Cruciferae. The virus withstood a temperature of 
75°C and tolerated about 1 in 2,000 dilution. 
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Moericke and Winter (1940) described a virus disease of 
cauliflower in Germany, The disease was shown to be almost similar 
to one described by Tompkins (1937), The German isolate of virus 
differed from one described by Tompkins in inducing the broad, pale 
strips along the veins and necrosis of the apical margin, combined 
with an almost slipper-like backward banding of the upper edge and 
swellings of the inter-costal areas. 
A new virus disease of cauliflower believed to be caused 
by either a hitherto unknown virus or a mixture of viruses, one of 
which possibly active in hot an another in colder weather was 
described by Hopkins and Pardy (1942) from Rhodesia, The disease 
was characterized by severe dwarfing of the curds and sometimes of 
the whole plants. In the field; mottling was very prominent followed 
by marked leaf distortion, minute raised blisters appearing on the 
underside of the older leaf corresponding to minute, light tan-
coloured spots on the upper side, 
Hean (1949) reported a virus disease causing severe 
damage to all the coramercial varieties of cauliflower in Pretoria 
and Johannesburg, S. Africa, The plants infected early were 
severely stunted and heads were poorly developed, sometimes with 
scattered brown patches and only a few small, twisted leaves 
surrounded them. The affected young leaves showed vein clearing, 
later the areas along the veins became dark green and the tissue 
between the bands yellowish-green, Myzus persicae and Brevicoryne 
brassicae were the vectors of virus. Based on the limited tests 
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the longevity in vitro was shown to be 24 h or less. At a dilution 
of 1:50 infection was considerably less than for undiluted sap. The 
virus was related to one described by Tompkins (1934, 1937). 
McClean (1952), McClean and Cowin (1952-53) also studied 
the viruses affecting cauliflowers in South Africa. Cauliflower 
mosaic (Hean, 1949) and cabbage black ring-spot viruses were found 
to attack the cauliflower and other crucifers. The cabbage black 
ring-spot virus was transmitted by sap. Aphids, Brevicoryne 
bra^sicae and Myzus persicae transmitted it in non-persistent 
manner. In physical properties, symptoms and host range, the virus 
was shown to be closely related to the turnip mosaic virus 1 group 
(turnip mosaic virus). 
Fry (1952) noted cauliflower mosaic virus (Tompkins, 1934, 
1937; McLean, 1952) on cauliflower in New Zealand where it caused 
as much as 30 per cent loss. The aphids^ Brevicoryne brassicae, 
Lipaphis erysimi and Myzus persicae infested the Brassica crops 
naturally and were considered to be the vector of cauliflower 
mosaic virus. 
Cauliflower mosaic virus in Yorkshire was studied by 
Storey and Godwin (1953). The virus was found to infect broccoli 
crops, seed crops, summer cauliflowers and other cruciferous plants. 
Broadbent and Tinsley (1953) described some additional 
symptoms exhibited by cauliflower mosaic virus affected cauliflower 
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plants. In addition to those symptoms generally recognised, namely 
vein-banding, vein-clearing, distortion and enations, affected 
plants showed discrete chlorotic local lesions, chlorotic spots 
with or without vein-banding or vein-clearing and dark necrotic 
spot. They also described the symptoms induced in cauliflower by 
cabbage black ring spot virus, which consisted of chlorotic spots 
or rings usually raised to form blisters. The spots lacked waxy 
'bloom' and were more apparent on the lower than the upper surface 
of the leaves. They were mostly few and discrete, but occasionally 
so numerous that they merged into an indistinct mottle. On older 
leaves they were sometimes necrotic, 
Broadbent and Heathcote (1953) tested 12 species of 
aphids and found Brevicoryne brassicae, Myzus persicae, 
M, ascalonicus, Aulacorthum circumflexum. Macrosiphum euphorbiae, 
Megoura viciae and Sappaphis radicicola as successful vectors of 
cauliflower mosaic and cabbage black ring spot viruses, Hyperomyzus 
lactucae transmitted the former virus only and failed to transmit 
the latter one. 
Pirone £t al. (i960) purified and studied the properties 
of cauliflower mosaic virus. The occurrence of double stranded 
DNA as the nucleic acid of cauliflower mosaic virus rather than 
FINA was reported by Shephered et aX,, (1968), which was later 
confirmed and details given of various physical and chemical proper-
ties (Shephered et al,, 1970). The DNA of this virus purified by 
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two methods and examined under electron microscope comprised of 
two types of molecules, circular and linear with the same contour 
length (Shephered and Wakeman, 1971). 
Savulescu et al.. (1965) identified cauliflower mosaic 
virus affecting cauliflowers in Rumania. The virus was aphid 
transmissible and its host-range confined to the Cruciferae only. 
Randies and Crowley (1967) investigated the epidemiology 
of cauliflower mosaic virus, economically important in the cauli-
flower plantings in South Africa. The virus spread was related to 
the number of aphid vectors, mainly Brevicoryne brassicae. 
Mamula and Milicic (1968) reported some new hosts for two 
isolates of cauliflower mosaic virus viz., Arabis hirsuta, Eruca 
sativa, Hesperis matronalis and Malcolmia maritima. Morphological 
and physical properties of the isolates were determined. Infecti-
vity was retained for a long period following desiccation and 
freezing of diseased leaf material. 
Kovachevski (1968) reported cauliflower mosaic virus on 
cauliflower and other crufiferous plants in Bulgaria, Myzodes 
(Myzus) persicae and Brevicoryne brassicae were identified as the 
vectors of the virus. The thermal inactivation point was 75°C, 
dilution end point 1:2,000 and longevity in. vitro at room tempera-
ture 3 days. 
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Weathers £t al. (1972) described a disease of 'green ball' 
cauliflower exhibiting mosaic symptoms and found it to be caused by 
turnip mosaic virus. The virus was transmitted by sap as well as 
aphid Myzus persicae. The electron microscopy of purified prepara-
tion of virus revealed filamentous particles with an average length 
of 717 nm. 
A virus infecting cauliflower in China was studied by 
Xie et al, (1979). The virus on the basis of physical and biologi-
cal characters was identified as a strain of cauliflower mosaic 
virus (CaMV) and named as 63-3 strain of CaMV. Myzus persicae and 
Brevicoryne brassicae were shown to transmit the virus. The virus 
was not serologically related to turnip mosaic or radish mosaic 
viruses. 
Based on symptoms induced on various Brassica species and 
Datura stramonium and physical properties, Gupta (1978) reported the 
occurrence of cauliflower mosaic virus on cauliflower plants in 
Himachal Pradesh, India. Brevicoryne brassicae successfully trans-
mitted the virus. 
Shalla £t al. (1980) studied the cytology of nine 
isolates of cauliflower mosaic virus under light and electron 
microscope. Differences noted among isolates were the size of 
cytoplasmic inclusion bodies, frequency of virions occurring free 
in the cytoplasm, as opposed to those in inclusions, the ratio of 
virions to the amount of matrix protein in inclusions and intra-
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plastidial inclusions induced by one of the isolates. Ihey conclu-
ded that these cytolociical features were apparently expression of 
the viral genome rather than the host. 
Q 3 
OKRA ^ Abelmoschus esculentus (L.) Moench_^ 7 
A mosaic disease of okra (bhindi) was first reported from 
India by Kulkarni (1924). It was reported from Ceylon by Park 
(1929). Since then mosaic and yellow vein mosaic diseases of okra 
have been reported and described in detail by various workers. 
Uppal e_t al,. (l940) described yellow vein m^ osaic of bhindi from 
India, Fernando and Udurawana (1942) studied the nature of the 
mosaic disease of bhindi in Ceylon. In India, the yellow vein 
mosaic of bhindi is more frequent than bhindi mosaic and has been 
reported from Poona (Uppal e;t al., 1940), Bombay Province (Varma 
et al.., 1950; Capoor and Varma, 1950), Delhi (Varma, 1955) and 
Bihar (Jha and Mishra, 1955), 
Okra Yellow Vein Mosaic 
Uppal £t al. (1940) described a disease of bhindi from 
Poona. The disease was characterized by clearing of veins, first 
of small and then of larger ones, the ill defined yellowish-green 
to pale yellow areas on the leaves then extending into the meso-
phyll. In several diseased plants, the young leaves developed a 
generalized chlorosis rather than actual mosaic pattern. The 
diseased plants were stunted and bore undersized leaves with 
abnormal short petioles and few flowers and fruits. In greenouse, 
the veins were thickened on the lower side of the leaves. The virus 
was neither sap-nor seed-transmissible, but the disease was readily 
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transmitted experimentally by grafting and by Bemisia gossypiperda 
from Hibiscus esculentus to hollyhock and back. 
Fernando and Udurawana (1942) studied the nature of the 
mosaic disease of the Hibiscus esculentus in Ceylon and reported 
thcit most prominent symptom of the disease was yellow vein banding 
of leaves that sometimes accompanied by interveinal buckling and 
minute enations on the abaxial (lower) side of the net veins. 
Occasionally entire leaf surface turned chlorotic. The diseased 
plants had dwarfed and malformed fruits. The virus was shown to be 
transmitted from diseased to healthy okra plants by grafting and by 
insects in the field but not by sap. Weeds, Ageratum conyzoides, 
Veronica cinerea and Emilia javanica were found to be the potential 
hosts of the virus. 
Owen (l946) investigated the mosaic disease of Hibiscus 
esculentus and certain other malvaceous plants. Young leaves of 
affected plants showed interveinal angular blotches ranging from 
palish green to yellow tinted with green. Entire surface of older 
affected leaves, except for the major veins, became bright yellow 
or whitish, the normal green extending outwards from the veins in 
a narrow, undulating bands. Often the slight blistering of the 
veins occurred. Occasionally the mature or almost mature leaves 
exhibited only a diffuse yellow-green mottle. 
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Capoor and Varma (1950) reported that a late attack of 
yellow vein mosaic (Fernando and Udurawana, 1942) on Hibiscus 
esculentus reduced the yield by over 25 per cent and an early one 
resulted in total loss. The disease was found not to be transmitted 
through sap, seed or by dodder (Cuscuta reflexa). It was readily 
transmitted by grafting and by white flies (Bemisia tabaci). but not 
through the eggs to the offsprings of the viruliferous flies. The 
host range was restricted to the Malvaceae. Hibiscus abelmoschus, 
H, moscheutos. Althaea rosea and the common weed, H. tetraphyllus 
were infected naturally. Ochrovena hibiscae n. gen., n, sp. and 
Hibiscus virus 1 were the names proposed for the virus. 
Varma (1952) studied the transmission of okra yellow vein 
mosaic virus (OYVMV) by its vector, white fly (Bemisia tabaci). He 
showed that atleast 10 white flies were required to produce 100 per 
cent infection of bhindi (Hibiscus esculentus) with OYVMV, A preli-
minary four hour fasting period or less and a feed of one hour on 
diseased plants secured the virus and improved the efficiency of 
the flies as vectors. Females were slightly better than males, A 
30 minutes feed on healthy plants was adequate for transmission. 
Post acquisition fasting for upto four hours was also effective and 
flies could still transmit the disease after feeding for 15 minutes 
only. Flies fed on diseased plants for 12 to 24 hours remained 
infective for life. Minimum incubation period of the virus in the 
fly was seven hours, but very few insects were infective at the end 
of this period. 
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A 50 per cent reduction in yield of okra due to the 
incidence of yellow vein mosaic disease was recorded in Matale 
district of Ceylon by Newton and Peiris (1953). 
Vasudeva (1954) while studying the yellow vein mosaic of 
bhindi found it to be transmitted to Hibiscus manihot, Abelmoschus 
moschatus (H. abelmoschus) and H, cannabinus by grafting and by 
Bemisia tabaci and to H. sabdariffa by grafting only. 
The virus of the yellow vein mdsaic was found to persist 
in female white fly throughout its life, when at least 4-6 h acqui-
sition feeding was given to the insect on the infected plants, 
otherwise the virus was retained temporarily (Varma, 1955). 
Jha and Misra (1955) reported the occurrence of yellow 
vein mosaic virus on bhindi (H. esculentus) in Bihar, where it 
caused from 50 to 90 per cent losses. The virus was shown to be 
carried in Malvastrum tricuspidatum. 
Sastry and Singh (1975) studied the effect of yellow vein 
mosaic on the growth and yield of okra, H. esculentus and found that 
the growth was retarded, and few leaves and fruits were produced 
when infection occurred within 35 days after germination, the 
average yield loss was 93.8 per cent. The loss dropped to 83.63 and 
49.36 per cent when infection occurred 50 and 65 days after germin-
ation, respectively. 
37 
Chelliah and Murugesan (1976) estimated the loss due to 
yellow vein mosaic disease in bhindi (H. esculentus). The number 
of fruits harvested from plants expressing symptoms of yellow vein 
mosaic virus 30, 45 and 60 days after sowing were reduced by 76.0, 
54,9 and 47o8 per cent, respectively. 
Sinha and Chakrabarti (1978) studied the effect of yellow 
vein mosaic virus infection on okra seed productiono Okra plants 
were infected at various growth stages. The infection had an 
adverse effect on plant height, number of branches, number and size 
of fruits and seed yield. The highest loss of seed (86,139^ ) 
occurred in plants showing symptoms on the 33rd day after sowing 
and the least (32.85%) in those which exhibited symptoms on 75th 
day. Infection, however, did not affect seed germination. 
Abelmoschus manihot, an introduction from Ghana and 
supposed to be resistant to the okra yellow vein mosaic virus was 
shown to be a symptomless carrier of the virus (Singh and Thakur, 
1979). 
Chauhan et. alo (1981) studied the infection of genetic 
stock of okra by yellow vein mosaic virus. Of the 46 cultivars 
tested none was resistant, Cultivar IC 1342 was comparatively less 
susceptible producing highest yield and number of fruits per plant. 
The highest incidence of okra yellow vein mosaic virus occurred in 
Pusa Long Green-1 and Parkins Long Green, while the lowest was in 
IC 9273. 
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Okra Mosaic 
Givord ejt al. (1972) reported okra mosaic virus, a new 
member of tymovirus group affecting okra. Hibiscus esculentus in 
Ivory Coast. The virus induced mosaic, vein clearing and fairly 
wide light green bands along the main veins. Plants naturally 
infected in the field showed symptans similar to those experiment-
ally inoculated. The fruits sometimes bore chlorotic blotches. The 
virus was transmitted mechanically to 40 species of Malvaceae and 
to plants of other families. In further studies Givord and Hirth 
(1973) investigated the propertie^ s of the virus and identified it 
to be a new member of the tymovirus group. The virus had a dilution 
end point of 10" , thermal inactivation point of 80°C (10 minutes* 
exposure) and ageing _in vitro of 10 days. Electron microscopy and 
analytical density gradient centrifugation showed isometric parti-
cles of 28,5 nm diameter (+2,5 nm) accompanied by empty shells 
(top component). Serological tests showed it to be a member of the 
tymovirus group. The virus was named as okra mosaic virus. 
Lana e_t al. (1974) reported an undescribed mosaic disease 
of okra from Nigeria. The virus was transmitted mechanically as 
well as by grafting to okra, cotton, cowpea and Chenopodium guinea, 
but failed to infect cucumber and several Nicotiana spp. The 
Chrysomelid beetles, Syagrus calcaratus and Podagrica uniformis 
which fed on okra,readily transmitted the virus and were responsi-
ble for the virus spread in the field. The virus had a thermal 
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inactivation point of 65 C, dilution end point between 10~ -10" 
and longevity ^n vitro c. 14 days at 5°C. These properties of 
Nigerian okra mosaic virus were shown to differ from that of the 
okra mosaic virus in Ivory Coast (Givord et a^., 1972; Givord and 
Hirth, 1973). 
The Nigerian okra mosaic virus occurred at high concent-
ration in roots and was detected in all floral parts and in 
immature seeds or pods of inoculated Hibiscus esculentus, cowpea 
and Vigna radiata. Except from the testa of cowpea seeds, it could 
not be recovered from mature seeds of any of the infected plants. 
Initial experiments indicated that the virus may also be soil-borne 
and transmitted by cultrual operations (Lana and Bozarth, 1975). 
In further studies Lana and Bozarth (1975) purified the 
Nigerian okra mosaic virus and compared it with one described by 
Givord e^ al. (1972) and Givord and Hirth (1973) from Ivory Coast. 
Diameters of the particles were 27.5 and 28,5 nm respectively, 
sedimentation velocities were 114 and 106 for the respective bottom 
components and 56 and 42 for the top components, 
Bozarth et_ al_. (1977) in further extended studies found 
that Ivory coast and Nigerian okra mosaic viruses had virtually 
identical biophysical properties and were serologically related. 
On the basis of spur formation in cross serological tests, cross-
serological reactions with other viruses of tymovirus group and 
differential host susceptibility they were considered to be related, 
but distinct, strains of the same virus. 
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Lana and Taylor (1976) reported the transmission of an 
isolate of Nigerian okra mosaic virus (OMV) by three Chrysomelid 
beetles,viz. Podagrica sjostedti, P. uniformis and Syagrus 
calcaratus to okra and green gram (Vigna aureus); by P, uniformis 
and S. calcaratus to cotton also and by P. uniformis to cowpea also. 
Virus was retained by these vectors for up to 6 days. White flies, 
Bemisia tabaci also transmitted the OMV, but less efficiently than 
the beetle vectors. 
Lana (1976) reviewed the etiology and incidence of okra 
mosaic virus and okra leaf curl virus diseases observed in Nigeria. 
The use of seeds harvested from healthy plants, seed dressing and 
growing the crop away from plantings of such alternative hosts as 
cotton, Kenaf (Hibiscus cannabis), roselle (H. sabdariffa) and 
Congo jute (Urena lobata) were advocated as the control measures 
for both the diseases. 
Givord (1977) compared the isolates of okra mosaic virus 
and found that the isolates of the virus causing mosaic and vein 
banding on Hibiscus esculentus in Nigeria (Nig), mosaic on 
H. rosasinensis (HR) in Ivory Coast and the original isolate from 
the Ivory Coast (CI) (Givord and Hirth, 1973) were closely related 
as regards the symptoms produced, host range, stability in sap and 
antigenic properties, but could be distinguished by the indicator 
plants and by their immunological properties. Analysis of anti-
bodies showed a fraction common to antisera of all 3 strains, one 
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reacting with strain Nig and CI, another common to antisera of CI 
and HR and a fraction specific to Nig isolate, 
Lana et aj^ . (1978) demonstrated the soil transmission of 
the Nigerian okra mosaic virus. Disease free seedlings of cowpea, 
Vigna radiata and A, (H,) esculentus developed symptoms of okra 
mosaic virus (Lana and Bozarth, 1975) when grown in a field in which 
infected plants had been grown or in soil from areas with prior 
disease incidence. This was ascribed to root contact, virus 
containing debris or contaminated soil particles. Nematodes and 
fungi isolated from infested soil samples were shown not to be 
involved in the transmission of okra mosaic virus, 
Givord (1979) inoculated okra mosaic virus on 287 species 
and cultivars in 44 families. Local and systemic infection was 
produced in 171 plants in 31 families, including cotton. Hibiscus 
spp,, coffee, cacao, passion fruit, groundnut and several market 
garden plants of Ivory Coast, 
Givord and Boer (1980) studied the insect transmission 
of Ivory Coast and Nigerian strains of okra mosaic virus (C»AV). The 
two were transmitted by the flea beetle (Podagrica decolorata), a 
serious pest of okra in the Southern Ivory Coast, The Ivory Coast 
strain was also transmitted by the orthopteran, Zonocerus 
variegatus. The beetle, Podagrica decolorata also transmitted the 
OMV to and from plants of Hibiscus sabdariffa and Corchorus 
olitorius. 
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Igwegbe (1983) reported a new strain of okra mosaic virus 
(OMV) in Nigeria. The new strain (NIN) was isolated from Sida 
linifolia, okra and H, rosa-sinensis exhibiting yellow vein and 
mosaic symptomso All 3 isolates had a dilution end point between 
3 4 O 
10" -10 , thermal inactivation point 55-60 C and longevity in vitro 
8-10 days. These isolates differed from previously described 
strains of the OMV in causing local and systemic chlorotic lesions 
on Chenopodium quinoa and C. amaranlicolor and were infectious to 
eggplant, sesame and Crotalaria spp. In double diffusion tests all 
3 isolates reacted without spur formation to an antiserum to a 
Nigerian strain of the OMV. 
In Nigeria, Atiri (1984a) reported the occurrence of 
okra mosaic virus or Hibiscus esculentus mosaic virus (OMV or HEMV) 
on three malvaceous weeds (Abut11on hirtum, Sida acuta and 
Malvastrum coromandelianum) and a solanaceous weed (Physalis 
angulata) showing the symptoms of virus infection. The virus was 
mechanically transmitted from these weeds to okra where it induced 
symptoms of okra mosaic virus. Serological tests confirmed the 
presence of the virus. The beetles, Podagrica uniformis, 
P» sjostedti and Syagrus calcaratus were shown to be the carrier of 
the OMV from these weeds to healthy okra plants. The weeds Sida 
acuta and S. rhomboidea showing prominent yellow mosaic symptoms 
were also reported to be infected with the OMV. Transmission, host 
range, particle morphology and serological relationships suggested 
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that the virus was an isolate of the Nigerian strain of OMV and 
therefore different from the Ivory Coast strain of the virus (OMV), 
These weeds were shown to be the reservoirs of the virus. Use of 
resistant Hibiscus esculentus plants and removal of these weeds 
from fields as well as surroundings were suggested as measures to 
reduce the incidence of virus (Atiri, 1984b). 
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PEA (Pisum sativum L.) 
A number of viruses affect the pea causing in them a 
variety of symptoms. Dickson (1922) from Canada reported a mosaic 
disease of pea for the first time and showed it to be transmitted 
through the seeds of various varieties of pea. Since then, mosaic 
and other virus diseases of pea have been reported and described 
from various countries, viz., U.S.A. (Jones and Linford, 1925; 
Doolittie and Jones, 1925; Martin, 1927), Netherlands (Van der 
Meulen, 1928), Germany (Merkel, 1929), England (Ogilvie and 
Mulligan, 1932; Ainsworth, 1940), New Zealand (Chamberlain, 1936, 
1937), U.S.S.R. (Eristavi, 1941), Czechoslovakia (Pozdena et a^., 
1955), S. Africa (Klesser, 1960), Japan (inouye, 1964), India 
(Sreenivasan and Nariani, 1967), Egypt (Nour-Eldin, 1968) and 
others. 
For the sake of convenience, the present review of lite-
rature on viruses causing diseases in pea under natural conditions 
has been divided into: Pea mosaic, pea streaking and pea stunting, 
pea enation mosaic, pea seed borne mosaic, pea early browning, pea 
leaf roll viruses and otherso 
Pea mosaic 
A mosaic disease of pea was first reported by Dickson 
(1922) from Canada, The disease was shown to be transmitted through 
the seeds of various varieties of pea. 
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Doolittle and Jones (1925) described mosaic disease of 
garden pea and other legumes characterized by a distinct mottling 
of the leaves but little curling, wrinkling and general deformities 
of the leaves. There was considerable dwarfing and pods were fewer 
and smaller in infected plants than those of the healthy plants. 
Ogilvie and Mulligan (1932) described a mosaic disease of 
pea characterized by mottling of leaves and stipules with pale green 
or yellowish green depressed or raised, interveinal areas on leaves. 
The pods were distorted and showed irregular, linear, depressed, 
dark green areas. The disease was shown to be mechanically trans-
missible, 
Osborn (1935) studied incubation of the virus of pea 
mosaic in the aphid Macrosiphum gei. The virus was found to require 
an incubation period of 12-48 h in the aphid. A second virus 
affecting peas and other legumes, designated pea mosaic virus No,2 
was readily sap transmissible and also by Macrosiphum gei and 
M, pisi. M. pisi transmitted the virus within 30 minutes after 
acquiring it and did not retain it for more than 1 h. In further 
studies Osborn (1938) reported that pea virus 1 differed from other 
viruses of legumes in undergoing an incubation period of 12 h before 
it could be transmitted by the vectors M. pisi and M, solanifolii 
(M. gei). The virus had a thermal inactivation point at 66°C, lost 
its infectivity atter ageing in vitro of 5 days and its dilution 
-5 -6 
end point was between 10 and 10 
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Pierce (1935) named enation mosaic and common pea mosaic 
as pea virus 1 and pea virus 3, respectively. Pea virus 1 and pea 
virus 3 were shown to differ from other viruses of leguminous hosts 
in host range as well as physical properties. Thermal death point 
of pea virus 1 was 58° whereas of pea virus 3, 62 to 64 C and 
longevity in vitro of both was 2 to 3 days. 
Murphy and Pierce (1937) while investigating the common 
pea mosaic (Pea virus 3) of garden pea found its properties to be 
in confirmity with those described earlier (Pierce, 1935). 
Chamberlain (1936, 1937) described pea mosaic disease 
from New Zealand. The symptoms of the disease on pea appeared as 
light-coloured areas along the veins of young leaves. Affected 
plants were stunted and pale, with small distorted leaves; the 
flowering was delayed, and fruit set was reduced. The disease 
caused a reduction of yield by 47,7 per cent, and was thought to 
overwinter on red clover, Trifolium pratense and was spread by 
aphids. 
Ainsworth (1940) isolated viruses of pea mosaic type 
from peas, sweet peas, broad beans, and red clover (Trifolium 
pratense). A virus resembling pea virus 2A was widespread on peas 
and broad beans causing in them slight mottling of leaves and 
severe flower breaking in coloured varieties. The other virus 
resembling pea virus 3 was found naturally on peas causing 
pronounced yellow mottle and stunting. 
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Pea mosaic was recorded from U.S.S.R. for the first 
time by Eristavi (1941). 
Watson (1949) described a virus disease of pea caused by 
a yellow mosaic strain of common pea mosaic virus from Australia, 
The virus was transmitted mechanically and by Myzus persicae. 
Pea mosaic virus was first observed in Denmark as early 
as 1926 and was confirmed in 1954 (Anonymous, 1957). The virus was 
shown to have been transmitted mechanically to White Burley tobacco, 
Tetragonia expansa and Gomphrena globosa producing local lesions on 
all the three species followed by systemic infection only in the 
last named species, 
Tolmacheva (1966) identified pea mosaic on pea, broad 
bean and Trifolium apertum from U.S,S,R. Eliseeva and Nikitina 
(1966) from the same country reported pea mosaic virus infection 
on individual plants of only 4 of the 300 vars. examined, symptoms 
appearing at budding and the beginning of flowering. 
Sreenivasan and Nariani (.1967a) reported a mosaic disease 
of pea tound around New Delhi. The disease was manually sap trans-
missible to a number of leguminous hosts. Chenopodium amaranticolor 
reacted by producing local chlorotic lesions on inoculated leaves. 
Aphids, Aphis craccivora Koch., A. gossypii Glov., A. evonymi Fabr., 
Myzus persicae Sulz., Rhopalosiphum pseudobrassicae (Davis) and 
h, maidis Fitch successfully transmitted the disease, but the 
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disease was not transmitted through the seeds of infected pea, 
Vicia faba or Trigonella foenum-graecum. The virus had a thermal 
inactivation point of 58-60°C and dilution end point between 
1:1,000-1:2,000, it had a longevity in vitro of 66-72 h at 14-16°C 
and 72-90 h at 8-10*^ C. It remained infective in diseased leaves 
desiccated at room temperature for 144 h but not after 168 h. It 
had an optimum pH infection range from 6 to 8. Based on above 
properties, the virus was identified as strain 2A of the common pea 
mosaic virus. In further studies (Sreenivasan and Nariani, 1967b), 
they dealt with the relationships of this virus with the vector 
Aphis craccivora Koch, and observed that a minimum feeding period 
of 15 seconds on infected pea plants was necessary for virus 
acquisition and the same for transmission, the optimum being 1 and 
10 minutes, respectively. Pre-acquisition fasting increased the 
efficiency of the vector but fasting after acquisition reduced 
ability to transmit. Nymphs were slightly more efficient trans-
mitters than adults. 
Chenulu and Sachchidananda (1967) reported cowpea as a 
local lesion host for pea mosaic virus and suggested var. Pusa 
Phalguni to be used for bioassay. 
Procter (1967) identified a stem browning strain of pea 
mosaic virus causing stem and pod browning and mild mottling of 
the leaves in pea in New Zealand. The strain was sap and aphid 
transmissible to broad bean, subterranean clover and blue lupin. 
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Nour-Eldin e_t ad. (1968) reported pea mosaic virus to 
be widespread on pea and broad bean in Egypt, 
Goldin and Tulegenov (1969) reported red clover, 
Melilotus alba and M, officinalis as reservoirs of pea mosaic 
virus in southern and south-eastern districts of Kazakhstan. Early 
sowing, removal of weed hosts and aphid control were recommended 
as control measures. All susceptible pea varieties showed charac-
teristic crystalline inclusions in the nuclei and X-bodies and 
crystalline inclusions in the cytoplasm of infected plants. 
Bock £jt al^ , (1973) reported the occurrence of pea mosaic 
virus (a strain of bean yellow mosaic virus) on broad beans, pea 
and white clover_,Trifolium semipilosum in Kenya. They showed that 
East African pea mosaic virus was similar to European isolates of 
bean yellow mosaic virus in host range, morphology and other 
physical properties but differed in being purified easily with 
n-butanol using broad bean as the culture host. 
In Egypt, Eldin e_t ai,. (1983) isolated pea mosaic virus 
(PMV) strain of bean yellow mosaic virus (BYMV) from pea plants 
showing yellow mosaic symptoms. The virus was easily transmitted 
by sap and by Myzus persicae and Aphis craccivora. The virus, in 
its host range, was restricted to Leguminosae and Chenopodiaceae. 
-3 -4 It had a dilution end point of 10 ^ -10 , thermal inactivation 
point of 60-65°C and longevity ija vitro of 48-74 h. It reacted 
positively with bean yellow mosaic virus antiserum and based on 
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host range, symptomatology, physical properties, transmission and 
serology was identified as a strain of BYMV. Pea mosaic virus 
infecting peas in Egypt was also studied by All am et aj,. (1984), 
who found almost same results as obtained by Eldin e;t al. (1983), 
Pea streaking and Pea stunting 
Linford (1931) in U.S.A. was the first to describe a 
virus disease of pea as pea streak. The diseased plants showed 
streaking and spotted brown necrosis of pods, stems and leaves. 
The pods sometimes showed necrotic circular pitting or collapsed 
altogether. The disease was transmitted by Thrips tabaci. 
Zaumeyer and Wade (1936) reported a pea streak disease 
caused by alfalfa mosaic virus. The virus produced streaking of 
the stems, petioles and leaves. The apical leaves in infected 
plants showed resetting. The infected plants showed wilting and 
often died. The disease was mechanically transmitted to healthy 
plants and was considered to differ from the one described by 
Linford (1931 ), 
Another pea streak was described by Zaumeyer (1938), but 
unlike the above it was attributed to pea streak virus (PSV). PSV, 
when compared with three strains of lucerne mosaic virus designated 
virus 1, 1A and IB was shown to differ from them in symptomatology, 
host range and physical properties and thus was separated from 
mixture with lucerne mosaic viruses by inoculating Moral pea, which 
was susceptible to pea streak but immune to lucerne mosaic viruses. 
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Chamberlain (1939) described a streak disease of pea from 
New Zealand which he considered distinct from other disorders of 
pea described under the same name from other countries. The virus 
caused purple or purplish-brown markings on leaves and pods and a 
dark discoloration of the stems. The growth was checked leading to 
the death of the plants. The name Pisum virus 3 was proposed for 
the disease. The disease was transmissible by mechanical means but 
not by aphids, Pisum virus 3 had a longevity in vitro of more than 
41 days, dilution end point 1:1,000,000 and thermal death point 
78-80°C. 
Zaumeyer (1940) reported three previously undescribed 
mosaic diseases of pea. The viruses were designated as pea mosaic 
virus 4, pea mosaic virus 5 (pea stunt mosaic) and alsike clover 
mosaic virus 2, These three viruses were differentiated on the 
basis of symptoms produced on pea and bean, susceptibility and 
resistance of several varieties of peas, beans (Phaseolus vulgaris), 
other legumes and physical properties, 
talker and Hare (1942) while investigating pea diseases 
in Wisconsin reported pea mosaic and pea streak viruses. Hagedorn 
and Walker (1949) who further investigated the streak disease named 
it as Wisconsin pea streak. The virus produced light brown to 
purple, necrotic streaking of the stems (which were often girdled) 
and petioles and browning of the nodes. The streaks were also 
present on the peduncle. Light brown, slightly sunken, necrotic 
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areas occurred on the leaves and pods resulting in their roughened 
appearance. In the glasshouse the symptoms were rather milder but 
a progressive wilting occurred. The Wisconsin pea streak virus was 
transmitted mechanically to a number of leguminous plants. The 
virus tolerated dilution of 1:1,000,000. It withstood ageing for 
periods between 16-32 days. The thermal inactivation point was 
between 58-.60°C (10 minutes' exposure). Based on these observations 
Wisconsin pea streak virus was shown to differ from other viruses 
known to produce streak on pea. 
Another pea disease was described as Wisconsin pea stunt 
by Hagedorn and Walker (1949). The causal agent was named Wisconsin 
pea stunt virus. The disease was characterized by severe stunting 
and tight apical rosetting, reduction in leaf size and wrinkling 
and upward folding of leaves with vein clearing. The virus was 
transmitted mechanically and by the pea aphid, Illinoia(Macrosiphum) 
pisi. Host range was confined to Leguminosae and all the 18 pea 
varieties tested were susceptible but none of the 11 bean varieties 
was infected. No seed transmission was found. The dilution end 
point was 1:100,000, ageing in vitro 48 h and thermal inactivation 
point between 56-58°C. The virus withstood 10 days freezing, 
Hagedorn and Hanson (1951) made a comparative study of 
the viruses causing Wisconsin pea stunt and clover vein mosaic. 
Garden pea, sweet pea, crimson, red, alsike and white clovers, 
white sweet clover (.Melilotus alba) and broad bean served as hosts 
of both viruses. Both viruses produced indistinguishable symptoms 
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on ten pea varieties. Both remained infective after dilution at 
1 in 1,000 but not at 1 in 100,000, they succumbed to two or three 
days ageing Xn vitro at 20°C and were inactivated by ten minutes 
exposure to 60°C. Both were transmitted by pea aphid, Illinoia 
(Macrosiphum) pisi. Wisconsin pea stunt was later shown to be 
caused by red clover vein mosaic virus (Hagedorn and Walker, 1954). 
Based on symptomatology and host reaction 47 virus isola-
tes from streaked pea plants from different parts of U.S.A. were 
classified into 5 groups by Kim and Hagedorn (1957). One character-
istic isolate from each group was studied in detail, I (ldaho)-5 
was similar to Wisconsin pea streak virus but differed in host 
range, temperature effects and ageing in vitro; 1-7 was similar to 
lucerne mosaic virus but differed in producing a yellow-bordered 
red mottle on soybean, inciting local lesions on tobacco, and having 
higher dilution end point; M (Minnesota)-S had a dilution end point 
above 10"" and produced characteristic pea streak; V-3 (Wisconsin) 
from severe streak resembled str. 14 of cucumber mosaic virus but 
differed in symptoms on cowpea, host range, and physical properties; 
and an isolate from New York rarely incited streak in greenhouse but 
caused tip blight of pea and Crotalaria. Kim (1958) extended the 
studies on these five virus isolates inciting streak in pea. They 
were all infective on the 16 pea varieties tested. Isolates 1-5, 
M-S and POV did not infect 14 bean vars. (Phaseolus vulgaris), 
while 1-7 and V-3 were highly infective on all. The dilution end 
point of 1-5 in distilled water was 10 and thermal inactivation 
54 
point 78°C (10 minutes' exposure) and infectivity was lost by 7 days 
in vitro storage at room temperature. Dilution end point, thermal 
inactivation point and longevity in vitro for the other 4 were: 
Isolate 1-7, 10"^, 70°, 7 days; isolate V-3, 10"^, 74°, 10 days; 
isolate M-S, 10~^, 64°, 4 days; and isolate POV, 10"^^ 66°, 4 days. 
All 5 were transmitted from pea to pea by the pea aphid 
(Acyrthosiphon pisum) but the minimum acquisition feeding periods 
differed. Particles of 1-5 and M-S were homogenous, long uniform 
rods, measuring 683x14 and 660x11 nm respectively. Those of 1-7 
were short rods 53x25 nm. Wisconsin pea streak particles were 
heterogenous, ranging from short rods to long flexuous fibres, 
averaging 528x12 nm. Lucerne mosaic virus particles were short 
rods av. 40x12 nm. In cross protection tests tobacco and soybean 
infected by lucerne mosaic virus were protected against infection 
by 1-7 which was considered to be a strain of lucerne mosaic virus. 
Wisconsin pea streak virus was purified by Rosenkranz (1961) and 
Rosenkranz and Hagedom (1967). They studied its morphology, 
physicochemical and biophysical properties, Chenopodium album was 
local lesion host. Dilution end point was 10~ . Darkening the 
plants for 24-28 h before inoculation increased the number of 
lesions considerably. The roots of infected pea plants were as 
good source of the virus as the leaves, however, the stem tissues 
contained greater amount than either. The virus was most stable at 
pH t).1-6o2 and sligntly less so at pH 7.0. The virus was purified 
by density gradient centriiuyation. Electron microscopy of the 
purified virus preparations revealed particles measuring 586+29x 
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12-14 mu. The sedimentation coefficient was 136-137 S and nucleic 
acid content ^,A%, 
Hagedorn (1958) reviewed the situation of viruses attack-
ing peas in five European countries, namely: the Netherlands, 
England, Sweden, Switzerland and West Germany, In the Netherlands^ 
top yellows (pea leaf roll virus) was the most important and often' 
associated with foot rot or root rot (Fusarium spp,); pea streak 
(caused by several agents including Wisconsin pea streak virus and 
sweet clover virus) and enation mosaic viruses were widespread and 
Wisconsin pea stunt disease caused by red clover vein mosaic virus 
(Hagedorn and Walker, 1954) was found in 1 field and the virus was 
also detected in red clover. In England, enation mosaic appeared 
to be the most important virus disease though streak was much 
evident. Pea stunt and pea leaf roll were also observed. In Sweden, 
enation mosaic, mosaic, streak, stunt and water congestion were 
reported for the first time. In Switzerland, streak was widespread 
and most important. In West Germany also streak was the most 
important virus disease. 
Reiling (1958) studied the viruses affecting canning peas 
in Minnesota. Two isolates of pea streak virus, I and II, one 
isolate of pea stunt virus and three isolates of pea mosaic virus, 
I, II and III were studied for their host reactions, symptomatology 
and the biophysical properties. Both streak isolates produced 
local lesions on Gomphrena and had the same physical properties 
resembling those of Ainerican streak virus. Mosaic isolates varied 
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in symptom expression from a very severe chlorosis to a very mild 
mottle. Host range studies indicated that two of them were strains 
of bean mosaic virus 2, 
Quantz (1958) studied a disease complex of pea exhibit-
ing stunt, wilting and streak symptoms. Cucumber mosaic virus was 
isolated together with a virus new to Germany for which the name 
pea stunt was proposed. Pea stunt virus was also isolated from red 
clover in the field and was transmitted by sap, using carborundum 
as abrasive to a number of pea varieties. Pea stunt virus had a 
thermal inactivation point between 60*^  and 65 C, dilution end point 
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between 10 and 10 and longevity in vitro 24-28 h at room tempe-
rature. Beet mosaic virus (BMV) was also isolated from peas 
exhibiting streak and wilt symptoms. This was claimed to be the 
first recorded natural occurrence of BMV on pea, 
Zaumeyer and Patino (1958) described a new virus inducing 
streaking in several varieties of pea in Southern Idaho, U.S.A, In 
fields the diseased plants showed necrotic streaking of stems and 
spotting of pods. In the greenhouse, there was a reddish-brown 
necrosis of stems and petioles, especially at the nodes. No leaf 
mottling was seen. The virus was shown to differ from other 
viruses inducing streak in pea, viz. New Zealand pea streak virus 
(Chamberlain, 1939), Wisconsin pea streak virus (Hagedorn and 
vvalker, 1949) and pea streak virus in Virginia (Zaumeyer, 1938) in 
host range and physical properties (thermal inactivation point 
65-70°C, dilution end point 1:10,000 and longevity in vitro 24-28 h 
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at 20°C). The Idaho virus closely resembled with pea streak virus 
described by Reiling (1958) from Minnesota and was regarded as a 
strain of pea streak virus (Zaumeyer and Patino, 1959). But the 
Idaho virus was shown to differ from pea streak virus of Zaumeyer 
(1938) by its inability to infect lucerne, crimson and red clover 
and Vicia sativa, and by infecting soybean and Vicia villosa. 
Patino and Zaumeyer (1959) reported a new strain of 
tobacco streak virus on pea in U.S.A. The virus was inactivated 
after 27 h storage ijn vitro at approx. 22 C. It was infectious 
for at least 98 days in dry tissue at room temperature. 
Using differential hosts, Schroeder, Provvidenti and 
McEwen (1959) showed that the pea streak resembling those ascribed 
to single viruses was due to a complex of viruses, viz. red clover 
vein mosaic and strains of bean yellow mosaic viruses. An unusual 
virus from pea with streak was isolated by Schroeder £t al, (1960). 
The virus caused wilting and death of young pea plants inoculated 
with it in the glasshouse at 70°Co At lower temperature plants 
developed a mottle and then tip necrosis. The virus was trans-
mitted mechanically and by Myzus persicae in a non-persistent 
mannero 
Wetter £t al.. (1958) s^ tudied the serological relation-
ship between pea stunt virus and red clover vein mosaic virus in 
Germany and showed them to be closely related to each other. Both 
had rod shaped particles measuring 655x12-13 mia, German pea stunt 
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virus was shown to be related to pea streak virus (Kim and Hagedorn, 
1957) also. 
Zaumeyer e_t al.. (1963) described a new pea streak virus 
producing more severe symptoms on pea and broad bean than the 
symptoms produced by the type strain of pea streak virus» This new 
virus also had a different host range. The virus isolated from 
Alaska pea in Madison was serologically related to red clover vein 
mosaic virus (RCVMV) and had a similar particle length (665 mjj vs. 
654 mAJ of RCVMV) but caused a mottle in alsike and crimson clovers, 
whereas RCVMV caused vein clearing in these hostso Thermal inacti-
vation point of this new virus was 15°C higher than that of RCVMV, 
and longevity In vitro 4-5 days compared with 1-2 days of RCVMV, 
Another virus causing streak in Alaska pea was reported 
by Zaumeyer e_t al, (1964). This virus produced symptoms similar to 
pea streak virus but was unrelated to it, and was shown to be 
related to RCVMV. This was named as P 42 str. of RCVMV. 
Pea enation mosaic 
Pea enation mosaic virus (PEMV) was first described by 
Osborn (1935) in Vicia faba from New York State, Since then it 
has been reported as being a common disease of broad beans, pea 
and other legumes in many countries. Here only the reports of 
PEMV on pea will be mentioned. 
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Pierce (1935) named enation pea mosaic virus as pea 
virus 1, Stubbs (1936) showed that mosaic of pea was due to more 
than one virus and identified pea enation mosaic (pea virus 1 ), 
marble pea mosaic (pea virus 2A), speckle pea mosaic (pea virus 2B) 
and mild pea mosaic (pea virus 2C). All these viruses were trans-
mitted mechanically as well as by pea aphids.Macrosiphum pisi. 
Enation mosaic virus infected all pea varieties used and soybean 
causing dwarfing, foliar spotting and enations. It was inactivated 
by four days' ageing in vitro and 1 in 3,000 dilution. Other three 
viruses (pea virus 2A, 2B and 2C) were inactivated by one day's 
ageing and in 1,500 dilution. All the 4 viruses infected crimson 
clover (Trifolium incarnatum), broad beans (Vicia faba), sweet peas 
and yellow sweet clover (Melilotus officinalis) but not red clover 
(T, pratense) or garden beans (Phaseolus vulgaris)» 
Johnson and Jones (1937) reported two mosaic diseases of 
peas in Washington. The one named enation mosaic was shown to be 
similar to common pea mosaic (Zaumeyer and Wade, 1936) but differed 
in being capable of infecting Corbett Refugee beans systeraically. 
The other severe mosaic was similar to Zaumeyer and Wade's white 
sweet clover mosaic. The two viruses were not carried by seeds. 
The enation mosaic virus was inactivated in less than 3 h jji vitro 
and in less than four days in dry plant tissue. It remained active 
when exposed to temp, ratures from 40° to 50 C, The severe mosaic 
remained active jja vitro for at least 15 days and in dry plant 
tissue for 338 days. This virus was infective at 1 in 100,000 
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dilution but not at 1 in 1,000,000 dilution and was inactivated at 
temperatures between 60 and 70 C, 
Williams e_t al.. (1939) reported frequent occurrence of 
pea enation mosaic and common pea mosaic viruses in England. Pea 
enation mosaic was characterized by a yellow flecking of the leaves 
and the presence of enations on the under surface of the leaves in 
sweet pea, garden pea and broad bean (Vicia faba). Common pea 
mosaic caused a faint mottle in sweet pea leaves and breaking in 
the coloured flowers and the virus also attacked garden pea, broad 
bean and red clover (Trifolium pratense). 
In Agricultural Gazzett, New South 'Wales, 1943, pea 
enation mosaic virus was shown as a new record in Australia 
(Anonymous, 1943). 
Quantz (1951, 1952) investigated pea enation mosaic virus 
in Germany. The disease was prevalent on culinary and field peas 
and sweet pea and crimson clover. Vetch, Vicia villosa and smooth 
pea, Lathyrus tingitanus were newly reported natural or artificial 
hosts of PEMV. The virus was transmissible mechanically and by 
Macrosiphum pisi. No evidence of transmissibility of PEMV through 
the seeds could be drawn. Crimson clover and Vicia villosa were 
considered as overwinterinq hosts of the virus (PEMV), 
In surveys made by McWhorter (1954) in Oregon the virus 
infection of pea was shown to be due to more than one virus. Pea 
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enation mosaic virus combined with western ring spot, lucerne 
mosaic or both, or with an undetermined virus, SG. Bean yellow 
mosaic virus also occurred but rarely, Aphids (unspecified) were 
shown to transmit mixtures of certain viruses that were not trans-
missible separately, thus, western ring spot for which no vector 
was known was carried with PEMV. 
Pozdena ejt al^, (1955) reported a virus responsible for 
reduction in pea crop in Czechoslovakia, The virus though showed 
resemblences with Pisum virus 1 (pea enation mosaic virus) but 
seldom produced enations. The virus was transmissible through 
seeds up to 1,5 per cent and also by mechanical inoculations. They 
proposed the merger of the enation mosaic virus and pea virus 2 
(pea mosaic virus) into one, comprising several strains, 
Ruppel (1963) studied relationships of pea enation mosaic 
virus isolates and found that longevity of 5 isolates was 8-12 days, 
dilution end point 1:800-1:2,000 and thermal inactivation point at 
66-68°C, All the commercial pea varieties were susceptible to all 
5 isolates. 
Host range of PEMV was studied by Hagedorn £t al.. (1964) 
and Anthyllis vulneraria, Lotus tetragonolobus, Medicago orbicularis 
and M, indica were newly added to the list of leguminous hosts of 
PEMV. Mung bean (Phaseolus aureus) was shown as a previously unre-
ported host of PEMV (.Bustriilos, 1965). Nicotiana clevelandii was 
reported as a new sysceraic non-leguminous host (Hagedorn et al., 
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1964; Musil and Leskova, 1969). Twardowicz-Jakuszowa (1969) added 
Gomphrena globosa to the list of new hosts of PEMV. 
Chenopodium album was used as a local lesion host for 
assay of PEMV infectivity (Hagedorn et a^., 1964; Bozarth and Chow, 
1965; Mahmood and Peters, 1973). However, other Chenopodium spp, 
(Co quinoa and C. amaranticolor) were also found as suitable as 
C. album (Musil and Leskova, 1969; Gonsalves and Shepherd, 1972; 
Milicic et a^ .., 1976). Izadpanah and Shepherd (1966) successfully 
carried out infectivity assay with PEMV on Galactia sp. 
Kvicala (1967) reported PEMV on pea in Czechoslovakia. 
The dilution end point was between 1:500 and 1:1,000, the thermal 
inactivation point 50-52°C, and longevity in vitro 24 h at 20-22°C 
and at 2°C the crude sap was infective for 5-6 days. Almost similar 
results were obtained by Ott (1967) and Twardowicz-Jakuszowa (1969). 
Musil and Leskova (1969) isolated a strain of PEMV from field pea 
and broad bean plants in Bohemia, Czechoslovakia. The strain was 
shown to differ from one already reported from Czechoslovakia 
(Kvicala, 1967) in its physical properties: thermal inactivation 
point 65-68*^ C, longevity in_ vitro 10-14 days and dilution end point 
-4 ~2 
10 in pea and 10 in broad bean, 
Gibbs and Harrison (1965) purified PEMV and obtained 2 
distinct types of particles in purified preparations, both of 30 mu 
diameter with sedimentation coefficients of 97 S and 116 S,respect-
ively. 
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Ott (1967) partially purified PEMV in phosphate buffer 
+0.001M EDTA and showed it to retain its activity for 3 months or 
more. Purification by sucrose density gradient centrifugation 
produced 2 distinct bands. Electron microscopy of purified prepa-
rations revealed spherical particles, measuring c. 35 or 32 mja in 
diameter depending on their preparation. The sedimentation 
coefficient indicated a nucleic acid content of c, 27 per cent, 
Farro and Vanderveken (1969) purified PEMV by clarifica-
tion and centrifugation. Electron microscopy revealed particles 
with cubic symmetry, 22-24 m/u diameter. 
The PEMV particles were shown to present a heterogeneity 
in appearance and size. Typical particles were hexagonal, rarely 
pentagonal, 22-24 mw diameter (Farro and Rassel, 1971). 
PEMV was shown to consist 2 nucleoprotein components with 
95 and 115 S (Gonsalves and Shepherd, 1972). The 95 and 115 S 
nucleoprotein components of PEhAV were both infectious and neither 
enhanced infectivity of the other component when inoculated on 
Chenopodium quinoa and C. amaranticolor. 
Mahmood and Peters (1973) purified PEMV using a procedure 
+2 in which Mg ions were added to extraction buffer and polyethylene 
glycol (PEG) was used for concentrating the virus. They obtained 
2 bands in sucrose density gradient centrifugation and showed that 
both components of the virus were infective and their infectivity 
was directly proportional to their optical densities. Like Gonsalves 
and Shepherd (1972) they also got no enhanced infectivity when both 
components were simultaneously inoculated on Chenopodium album and 
they concluded that each components carried a complete genome, 
French et al.. (1973) purified PEMV from pea aphid, 
Acyrthosiphon pisum, the vector of the virus (PEMV) by a technique 
involving chloroform-butanol emulsification and differential and 
density gradient centrifugationo The product was highly infectious 
when transmitted to pea plants by Acyrthosiphon pisum and contained 
particles of 27 nm diameter, indistinguishable from those obtained 
from infected pea plants, 
Milicic £t al., (1976) isolated 2 isolates G^  and Q^ of 
PEMV from pea in Yugoslavia, Both were transmitted to pea, broad 
bean and Chenopodium spp. Characteristic enations were frequent on 
pea and broad bean, especially in the glasshouse. Severe mosaic and 
leaf, stem and pod deformation also occurred, especially on pea. 
Isolate G^ was partially purified and its electron microscopy 
showed the particles of a diameter of c, 30 nm, 
PEiW is naturally transmitted by aphids, Macrosiphum pisi 
(Stubbs, 1936; Quantz, 1951; Kvicala, 1967), Acyrthosiphon pisum, 
the most efficient vector of PEMV (Kvicala, 1967; Musil and Leskova, 
1969; Kovachevski, 1978) and Myzus persicae (Kvicala, 1967; 
Kovachevski, 1978). However, Megoura viciae though least efficient 
has been reported as a vector of PEMV (Kvicala, 1967). Some degree 
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of transmission was demonstrated with Aphis fabae by Kovachevski 
(1978). PEMV is also transmissible mechanically with sap. Seed 
transmission of PEMV was demonstrated by Quantz (1951). Kovachevski 
(1978) demonstrated the transmission of PEMV through the seeds of 
pea and sweet pea. 
Pea seed-borne mosaic virus 
First reported from Japan by Inouye (1967) pea seed borne 
mosaic virus (PSbMV) caused chlorosis, leaf curl, mosaic and stunt-
ing in pea. The virus was transmitted mechanically and by four 
aphid species. Percentage of seed transmission (lO-3?6) varied 
according to the varieties. Thermal inactivation point was 65-66°c 
(10 minutes' exposure). Dilution end point was 10 -10 and 
longevity in. vitro 4-8 days at 20°C, Several legumes were infected 
systemically and local lesions were developed on Chenopodium 
amaranticolor and Tetragonia expanse. Virus particles were flexi-
ble filaments measuring 750x13 mAJ. 
Mink (1969) reported a seed borne virus disease of pea 
from Washington. The virus in its transmission and symptomatology 
resembled to one described from Japan (Inouye, 1967), but differed 
in having a shorter longevity in vitro of 24 h against the 4-8 days 
of its Japanese counterparto 
Gonzales and Hagedorn (1970) studied transmission of pea 
seed-borne mosaic virus. PSbMV was transmitted by Myzus persicae. 
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Acyrthoslphon pisum and Macrosiphum euphorbias when their apterae 
or alatae were allowed single probe, 10-90 second long on infected 
source plants. Long acquisition feedings made these aphids unable 
to transmit the virus. The retention period of PSbMV after uptake 
by A, pisum was less than 5 minutes in feeding and slightly longer 
in fasted vectors. These results indicated that PSbMV was trans-
mitted in stylet-borne manner^ Pea (Pisum sativum) and broad bean 
(Vicia faba) were equally suitable as source of the virus for 
uptake by aphids. Of the aphids tested, M, persicae appeared to 
be the most efficient vector of PSbMV. 
Knesek e^ al.. (1974) purified PSbMV and studied its 
properties. They used roots and leaves of systemically infected 
Pisum sativum '447' as source of virus. Of several procedures 
investigated, best results were obtained by grinding the root 
tissue in 0„01M sodium diethyldithiocarbaraate (Na DIECA) + 0«01M 
cysteine or leaf tissue in Na DIECA + cysteine containing O.OIM 
ethylene diamine tetraacetic acid (EDTA) and clarifying with one 
half volume of chloroform. Clarified suspensions were concentrated 
by one cycle of differential ultracentrifugation and further puri-
fied by centrifugation on columns containing 30?^  sucrose, 4% poly-
ethylene glycol MW 6000 and 0,12M NaCl. Precipitated virus was 
suspended in 2% sucrose containing 0.1% Igepon T^ o at pH 7.0. This 
procedure yielded a single, highly infectious, visible zone 24-26 mm 
below the meniscus of rate sucrose density gradient tubes. Healthy 
tissues handled similarly produced no visible zones. The virus had 
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a sedimentation coefficient of 148+1 S and contained 5,356 ribo-
nucleic acid with a base ratio of adenine 44,0%, guanine 22.8%, 
cytidylic acid 17«6%, and uridylic acid 15,6%, The protein coat 
contained aspartic and glutamic acids in greatest amounts. Elongated 
flexuous rods with a modal length of 770 nm were found in prepara-
tions fixed with 3,5% glutaraldehyde. The dilution end point of 
-3 -4 PSbMV was between 10 and 10 using either root or leaf tissue. 
Traces of infectivity remained in samples heated for 10 minutes at 
55°C, but no infectivity was obtained with samples heated for 
10 minutes at 60®C. All these properties of PSbMV were shown to 
resemble those reported for other viruses in potato virus Y group, 
Stevenson and Hagedorn (1973), however, stated that the electron 
micrographs of leaf dip preparations by a number of researchers 
(Bos, 1970; Inouye, 1967; Stevenson and Hagedorn, 1969) showed 
PSbMV to be 650-750 nm in length. 
Pea seed-borne mosaic virus was frequently detected in 
seed of pea cultivars Stern, Sprinter, Mingomark and Katinka as 
well as in pea plants in the field in Yogoslavia (Milicic and 
Grbelja, 1977). Stricter quarantine measures were suggested to 
control import of pea seeds. Based on inclusion bodies Milicic and 
Plavsic (1978) identified two strains of PSbMV, The typical strain 
produced amorphous Xp-bodies visible under light microscope. Electron 
microscopy showed pin wheel structures, bundles, circles and scrolls 
in infected cells but laminated aggregates were never observed. 
Hexagonal deposits of crystalline protein built from relatively 
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large particles were found in the cytoplasm of infected cells. The 
second isolate named pea latent strain (PLS) of PSbMV, often caused 
transient vein clearing but no leaf rolling or stunting. It rarely 
formed X-bodies but produced typical pin wheels. It also differed 
from the typical virus by shorter stability in vitro. 
Chiko and Zimmer (1978) studied the effect of pea seed 
borne mosaic virus (PSbMV) on two cultivars of field pea (Trapper 
and Century) gxown in Manitoha, Canada, Field plots of the culti-
vars, commonly grown in Manitoha were mechanically inoculated with 
PSbMV when plants were at the 6-, 8- or 13 node stages. Growth 
stages at the time of inoculation did not significantly affect seed 
yield or levels of virus transmission through seed. Average yields 
of plots inoculated at all 3 stages were reduced by ^ in Trapper 
and 1096 in Century, In both cultivars yield reductions were attri-
butable mainly to reductions in seed weight. Transmission of PSbMV 
through seed from inoculated plots averaged 5,8 and 0,5^, respect-
ively. In both cultivars cracked seed coats were most prevalent in 
seeds from plots inoculated at the 2 youngest stages of growth, 
Munro (1978) using electron microscopy and inoculation, 
detected the presence of PSbMV in symptomless pea plants grown in 
quarantine in Tasmania, Australia, from seeds imported from Sweden, 
Masking of the usual symptoms was supposed to be due to sub-optimum 
temperature or by root rot induced symptoms. It was suggested that 
for quarantine purposes plants should be grown from dusted seed 
under growth chamber conditions optimum for symptom expression. 
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Nairn and Hampton (1979) described some phenotypic charac-
teristics of pea seeds carrying pea seed borne mosaic virus and the 
assay methods for its detection. Seeds with green coat were more 
frequently infected than others and there was a slightly higher than 
average incidence in the smallest and next-to-largest seed sizes. 
Pelet (1980) from Switzerland described the symptoms of 
PSbMV on pea and reported that virus transmission through pea seeds 
can reach as high as 909^ . Broad bean was shown to be afflicted with 
PSbMV in nature. On inoculation^47 species of 12 families were 
infected, often without external symptoms, A filamentous particle 
measuring 770 nm long belonging to potyvirus group was found. The 
virus (PSbMV) as the author concluded could be identified serologi-
cally or by mechanical transmission to Chenopodium amaranticolor or 
Co guinea. Fry and Young (1980) reported the occurrence of pea 
seed-borne mosaic virus in New Zealand. 
Kraft and Hampton (1980) studied field responses of six 
processing pea cultivars to PSbMV in an isolated location near 
Prosser, Washington in 1977 and 1978. Test plots were mechanically 
inoculated either 2 or 3 week after emergence. Disease incidence, 
determined visually on a per plant basis, was higher in all plots 
in 1977 than in 1978 and generally corresponded with rate of seed 
transmission and loss in green pea and seed yield. The later matur-
ing, more determinate cultivars (Mars, Conway and Corfu) were more 
severely affected than earlier maturing, indeterminate cultivars 
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(Small Sieve Alaska and A-45) in both years. Losses in green pea 
and seed yield in 1977 were greater in plots of all cultivars 
inoculated 2 week after emergence than in those inoculated 3 week 
after emergence. 
Musil, Leskova and Rapi (1983) reported differences in 
the transmission of PSbMV by seeds of different pea varieties, 
PSbMV was transmitted through seed in 148 of the 165 varieties of 
pea of the world collectiono The seed infection rates were 1-S^ in 
74 varieties, 5-1 Op6 in 39, 10-2096 in 24, 20-30^ in 7 and more than 
30^ in 4, 
Thakur e_t al.. (1985) reported pea seed borne mosaic viru; 
from Himachal Pradesh, the record being the first for India. The' 
infected plants were stunted and exhibited mild to severe mosaic. 
The plants with chronic infection were pale and had badly deformed 
and reduced leaf lamina. In most cases, leaves had deep dentation 
followed by marginal rolling and leaf curling. There appeared no 
visible symptoms on stems and flowers. However, the flowering was 
delayed/reduced and consequently the pods were few, small and 
distorted. The virus was readily sap transmitted. Aphids, 
Acyrthosiphon pisum Harris, Myzus persicae Sulz. and Aphis 
craccivora Kocho transmitted the virus in non-persistent manner. 
The seeds in pod from naturally infected plants were fewer, smallej 
pale green, irregular in shape and shrivelled. In plants inocula-
ted mechanically prior to flowering, the seeds were fewer per pod 
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rather small with roughened pale-brown and uneven seed coat. 
Usually a lower degree of seed borne mosaic (20-40%) was recorded 
in the case of seeds from naturally infected plants than a higher 
rate of transmission of the virus (30-60%) in seeds from artifi-
cially infected plants. Dilution end point was between 1:1,000-
1:10,000; thermal inactivation point 55-60°C; and longevity 
in vitro 3-4 days at room temperature (12-18°C). Under electon 
microscope virus particles were fexuous rods of 760 nm. Serologi-
cally the virus did not react with antisera against either PVX, 
PVY or TMV or CMV, pea common mosaic, bean yellow/golden mosaic 
viruses. But a positive (moderately strong, ++) reaction was 
observed only against pea seed borne mosaic virus (PSbMV), Based 
on the above properties the virus was identified as a variant of 
PSbMV. 
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Pea early browning 
Pea early browning disease caused by a soil and seed 
borne virus was for the first time reported by Bos and Van der Want 
(1962) from the Netherlands. The virus, a member of tobravirus 
group was distinguished from TRV (potato stem mottle virus str.) by 
the difference of symptoms on French bean (Phaseolus vulgaris) and 
pea. The virus was soil borne in sandy clay and seed borne in pea. 
In infected pea and tobacco sap the dilution end point was deter-
mined as 10" -10"" , thermal inactivation point 65-70°C and longevity 
in vitro 6-8 months. In all these properties, the PEBV resembled 
RTV. PEE particles were 21 0 mAJ compared with 105 mAJ for TRV and the 
ratio of short-particles to long-particle length was 1:2. The same 
disease, the early browning of pea was reported from England by 
Gane (1962) who found the same virias as reported from the Nether-
lands by Bos and Van der Want (1962) responsible for pea early 
browning disease at Norfolk, England. 
Gibbs and Harrison (1964) investigated the pea early 
browning virus (PEBV) in Britain, The virus was sap transmitted to 
herbaceous species including the indicators, Chenopodium amaranti-
color and Phaseolus vulgaris. The thermal inactivation point was 
74_78°C, dilution end point 10" and the sap was still infective 
after 1 year at 20°C. Partially purified preparations revealed the 
presence of tubular particles 100 and 200x20 m/u. Trichodorus 
viruliferus and T. primitivus and other Trichodorus spp. were 
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present in infested soils and the former transmitted the virus 
experimentally. However, J. pachydermus was the natural vector, 
T. teres being its counterpart in Netherlands. The British isolate 
of PEBV showed some serological differences from Netherland isolate 
and these differences were related to vector specificity. 
Harrison (1966) further investigated the pea early 
browning virus PEBV-(B) in Britain and found it to contain tubular 
particles 103 or 212 m/u long with sedimentation coefficinets of 
210 and 286 S, respectively. The smaller particles (103 m>u) were 
not infective. Both adults and juvenile Trichodorus primitivus 
transmitted the virus but they failed to transmit the Dutch virus 
isolate, PEBV-(D), distinctly related serologically to PEBV-(B), 
The PEBV on pea was for the first time reported from 
Belgium by Verhoyen and Goethals (1967), 
In Morocco, PEBV was reported to occur naturally on pea 
and broad bean (Vicia faba) by Lockhart and Fischer (1976), the 
report being the first and only outside Western Europe, The 
Moroccan isolate had the particles of 2 predominant lengths 90 and 
190 nm, respectively. In undiluted sap from infected pea the 
virus had a thermal inactivation at 75-80 C and longevity ija vitro 
of more than 6 months at 20-24 C. The virus reacted with antisera 
to both PEBV and tobacco rattle virus and was present in seeds 
from infected pea plants. The authors, however, unlike earlier 
workers could not get any evidence of its transmission by 
nematodes, and they showed it to differ from British and Dutch 
counterparts in test plant reaction. 
Pea early browning virus (PEBV) was reported on horse 
bean (Vicia faba L, ssp. minor) in Poland (Fiedorow, 1983). The 
virus was seed transmitted in pea (61%) and faba bean (0.3-896). 
Pea leaf roll 
In Germany, Quantz and Volk (1954) for the first time 
reported leaf roll - a virus disease of bean, broad bean and pea. 
Symptoms of disease were rigidity, chlorosis and rolling 
(especially in field beans) of the leaflets. The disease was 
transmissible by the aphids, Acyrthosiphon onobrychis, Macrosiphum 
solanifolii (M. euphorbiae) in persistent manner, Myzus persicae 
and Megoura viciae were also suspected to be the vectors of the 
disease. The virus was not transmitted by sap. The virus induced 
phloem necrosis. Vetch (Vicia sativa), V, narbonensis, lucerne 
and Pisum melanocarpum were the natural hosts of the virus. In pea 
the chlorotic symptoms induced by leaf roll virus were confusable 
with those of foot rot or root rot caused by Fusarium spp., 
Ascochyta pinodella, Mycosphaerella pinodes and A, pisi, 
Hubbeling (1955a) while visiting West Germany made 
observation on leaf roll virosis of pea. He noted that the leaf 
roll of pea in Germany was identical with the disease designated 
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Fusarium solani foot rot in Holland. He gave some characters 
which differentiated tip yellowing of pea (caused by pea leaf roll 
virus) from fungal infection. These included: narrowing and 
chlorosis of the apical leaves, often accompanied by slight curl-
ing and an erect habit, and necrosis of the sieve tubes in the 
stems. The majority of the cases of foot rot in Holland were 
infact due to leaf roll virus. In other papers, Hubbeling (1955b) 
and DeFluiter and Hubbeling (1955) reported lucerne and clover as 
winter host of the leaf roll virus. 
Roland (1955) reported a yellowing disease of bean whose 
symptoms were mosaic, interveinal yellowing, blistering and reduc-
tion of leaves. The disease was transmitted to pea by Myzus 
persicae fed for 24 h on the affected plants and kept for 48 h on 
the test plants. Symptoms on pea were yellowing of the middle 
leaves. These symptoms were considered similar to those described 
by Quantz and Volk from West Germany and Hubbeling from the 
Netherlands. The author proposed that the virus causing tip 
yellowing of pea should be known as pea yellows virus or Pisum 
virus 8. 
Meier, Berces and Bamert (1959) reported occurrence of 
pea leaf roll virus on pea in Austria, 
Aldrich, Gibbs and Taylor U965) studied the bean (pea) 
leaf roll virus in some vars. of spring sown field bean. Authors 
suggested that the virus, bean leaf roll virus (Quantz and Vblk, 
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1954) or tip yellowing of peas (Hubbeling, 1955) or pea leaf roll 
(Tinsley, 1959) caused yellowing and leaf rolling of beans, but 
only yellowing of peas and hence it should be named either bean 
leaf roll virus or pea top yellows virus but not pea leaf roll 
virus, 
Musil (1966) reported the occurrence of pea leaf roll 
virus in Czechoslovakia. The virus caused downward marginal curl-
ing of pea leaves. The virus was pathogenic to Chenopodium 
amaranticolor and was transmitted by seed, Myzus persicae or 
mechanically. Dilution end point was between 1:100-1:500, thermal 
inactivation point between 50-55°C and longevity in vitro at room 
temperature less than 24 h, Musil (1970), however, made further 
studies of this virus and changed its name from pea leaf roll 
virus to pea leaf rolling mosaic virus to distinguish it from the 
viruses causing pea leaf roll and broad bean leaf roll. Particles 
were flexuous rods c. 700 nm long. Dilution end point in sap from 
infected pea reached 1:1000-1:5000, thermal inactivation point 
c. 60°C and longevity in pea sap 2 days at c, 22°C. The virus was 
infectious to pea, broad bean, Vicia sativa, lentil, sweet pea, 
Lathyrus cicera, Chenopodium amaranticolor and C, quinoa, 
Thottappilly and Schmutterer (1968) reported a new virus 
named pea false leaf roll virus affecting pea var. Joserva in West 
Germany, The virus caused leaf roll, chlorotic spots on young 
leaves, necrotic spots, vein necrosis and a grey-blue leaf discolor-
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ation. It was mechanically transmissible but only to Chenopodium 
guinea. The virus was seed borne in pea and was transmitted by 
Myzus persicae but not by Acyrthosiphon pisum. Pot experiments 
indicated that it was soil borne and transmitted by zoospores of 
Pythium sp. It was shown to be the first virus known to be trans-
missible by both a fungus and an aphid. Dilution end point was 
1:1000, thermal inactivation point lay between 75 and 80°C and 
ageing in vitro was upto 72 h. 
Thottappilly (1969a) reported that the transmission of 
pea leaf roll virus by viruliferous Acyrthosiphon pisum was 
successful to 75 out of 124 leguminous spp, and subspp. tested, 
65 of which (Vicia, Pisum, Medicago, Trifolium, Lathyrus and 
Trigonella sppO were new hosts. Infected plants of Trifolium 
pratense and T, repense showed no external symptoms but carried 
the virus (symptomless carrier), Thottappilly (1969b) found that 
the females of Acyrthosiphon pisum required a minimum acquisition 
feed of 45 minutes and prolonged inoculation feeding improved 
transmission. Winged females were less efficient than wingless 
ones. A red form of A. pisum was more efficient than the green 
form. Macrosiphon solanifolii (Macrosiphum euphorbiae) also 
proved to be an effective vector and Myzus persicae transmitted 
the virus occasionally. Thottappilly (1970) showed that moulting 
in aphid, Acyrthosiphon pisum did not affect the transmission of 
pea leaf roll virus and thus confirmed the gajc-uXative nature of 
the virus, .•^ ';-^ -^' • - - - ^  
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Karl and Schmidt (1978) found that out of the 20 aphid 
species tested 16 transmitted at least one of the 2 isolates 
(Czechoslovakian and East German isolates of pea leaf rolling 
virus). Aphis craccivora,Myzus persicae,A. frangulae beccabungae 
were most effective vectors. 
Ashby and Huttinga (1979) purified pea leaf roll virus 
and studied some of its properties. They found that virus concent-
ration was more in roots than shoots of the infected pea plants. 
Virus particles were isometric, 27 nm diam. Pea leaf roll virus 
was precipitated with antisera to soybean dwarf virus and beet 
western yellows virus, 
Tolba (1983) reported the occurrence of a virus thought 
to be a strain of pea leaf roll virus on various leguminous plants 
in Egypt. The virus was readily transmitted by Aphis craccivora 
Koch, between various species of leguminous plants. 
Besides the viruses mentioned on the preceding pages 
there are several other viruses which have been reported to occur 
naturally on pea. 
Walker et_ al.. (1937) reported the occurrence of tomato 
spotted wilt virus attacking peas in U.S.A. An unknown virus, 
designated Noo729 and thought to be a strain of cucumber mosaic 
virus (CMV) produced streak disease of peas resembling that caused 
by spotted wilt virus, but differing in certain details and was 
transmitted by Myzus persicae. Another virus, No.408, also thought 
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to be a strain of CMV caused streak disease though less severe 
than the first two. 
Whipple and Vi/alker (1941) found two viruses of cucumber 
mosaic virus group, one attacking pea and the other attacking pea 
and bean in nature. The viruses were referred to as strain 14 and 
17 of the cucumber mosaic virus group. On pea, strain 14 produced 
wilting with necrosis or mottling leading to premature death. 
Strain 17 failed to infect any of the beans tested while on three 
pea varieties it produced symptoms closely resembling those caused 
by strain 14 but with a more pronounced stem necrosis and showing 
vein-clearing of the young leaves more commonly than mottling. 
Thermal inactivation point was about 65 C(10 minutes' exposure) 
for strain 14 and between 65-70°C for strain 17, Both strains 
remained infectious in vitro for 7 to 8 days at 20 to 22°C. The 
maximum dilution at which infection occurred was 1 in 1,000 for 
strain 17 and 1 in 10,000 for strain 14. Both strains were trans-
mitted mechanically as well as by aphids, Myzus persicae. 
Klesser (i960) found 8 viruses affecting pea in South 
Africa. These were: pea mosaic and pea virus 2 (str. of bean 
yellow mosaic virus) causing mosaic; tomato spotted wilt and a 
necrotic ring strain of lucerne mosaic virus causing necrosis and 
death; pea stunt virus (str, of bean yellow mosaic virus) inducing 
mosaic with necrotic stem streaks; and 2 other viruses - a pea 
wilt virus and a necrotic strain of bean yellow mosaic virus. 
Another virus, named bean local chlorosis virus B was new to the 
country. 
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Inouye (1964) reported watermelon mosaic virus causing a 
disease of pea in West Japan. The virus was pathogenic to broad 
bean, sweet pea, 2 Phaseolus vars,, crimson clover, Astragalius 
sinicus, Crotalaria spectabilis, sesame, and various Cucurbitaceae. 
Thermal inactivation point was between 55-60 C, dilution end point 
l0~^-5xl0"^ and longevity in vitro 8-16 days at ao'^ C. Purified 
preparations contained filamentous particles measuring 700-800 mM 
long, 
Rubio-Huertos (1964) reported a virus resembling red 
clover vein mosaic virus on pea causing vein-clearing, mottle and 
necrotic lesions followed by general necrosis on pea and broad 
bean, but not French bean (Phaseolus vulgaris). The virus induced 
formation of amorphous and crystalline inclusions in pea and its 
thermal death point was 55-60 C. 
Mahmood £t al.. (1972) isolated a virus contaminating the 
culture of pea enation mosaic virus maintained in pea. The virus 
was tentatively named pea symptomless virus (PSV). It was not aphid 
borne but readily transmitted by sap inoculation of Amaranthaceae, 
Chenopodiaceae and Leguminosae, Purified preparation had isometric 
particles 26 nm diam, sedimenting as 3 components with coefficient 
of 55, 94 and 118 S and contained ribonucleic acid with a molar 
base content of G 22?^ , A 26%, C 17% and U 34%. The virus, shown to 
be a member of cowpea mosaic group of viruses was closely related 
to red clover mottle, broad bean strain and pea green mottle 
viruses. 
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With the aid of diagnostic species, serological tests 
and electron microscopy Provvidenti (1973) identified lettuce 
mosaic virus naturally infecting pea in Geneva, The virus was 
transmitted from pea to pea by aphid Acyrthosiphon pisum in a 
stylet borne manner. 
In Japan;lettuce mosaic virus was reported on pea by 
Kuida e_t al.. (1977), The virus infected pea, lettuce and various 
other hosts systemically and caused local lesions on inoculated 
leaves of Gomphrena globosa and Tetragonia expansa. The virus was 
transmitted by sap, Myzus persicae and lettuce seeds. The thermal 
inactivation point in crude sap was 55-60 C (10 minutes' exposure), 
dilution end point 1:500-1:1,000 and longevity in vitro 3-4 days 
at 20°C. Virus particles were flexuous rods, c, 750x13 nm, 
Provvidenti and Granett (1976) identified plantago 
mottle virus, a member of tymovirus group as the cause of a pea 
disease in New York State, U.S.A. The pea isolate of plantago 
mottle virus was identical in host range and serology to the type 
strain from Plantago major. The symptoms were conspicuous leaf 
veinal chlorosis, mottle and necrosis at low temperatures (15-25^C), 
whereas at higher temperatures (35 C) the symptoms were suppressed, 
Caner £t al. (1976) isolated a flexuous elongated type 
of virus particle and a bacilliform type from pea plants with 
dwarfing, leaf deformation and chlorotic mottle. The bacilliform 
type was mechanically transmitted to Nicotiana glutinosa and 
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Datura stramonium, but not to pea. The bacilliform particles were 
seen only in the cytoplasm of cells and resembled other rhabdo-
viruses in their morphology and structure. 
Pesic (1977) identified cucumber mosaic virus (CMV) and 
pea enation mosaic virus (PEMV) on pea in Yogoslavia. CMV, reported 
for the first time from Yugoslavia caused yellow mosaic, necrotic 
spots, deformation of leaves and plant stunting. Necrosis of pods 
in the field and premature death of plants in glasshouse were also 
observed, PEMV caused pronounced vein-clearing of leaflets and 
stipules, translucent mosaic and enations along the veins on the 
lower side of leaflets and stipules and pods. Plant stunting and 
sometimes malformations were also common, 
Roy and Gupta (1977) reported a new villus named pea top 
necrosis virus from Agra, India. The infected plants exhibited top 
necrosis and greyish brown discoloration of leaves, petioles and 
stems. Internally the tissues were highly necrosed. There was a 
premature death of severely infected pea plants, whereas plants 
with mild infection developed malformed pods with wrinkled or even 
abortive seeds. The virus was graft as well as sap transmissible. 
The virus was also transmitted through seeds (13,6%) and by 
nematode (Trichodorus sp,), Chenopodium amaranticolor was used as 
local lesion host. Dilution end point lay near 1:10,000, the 
thermal inactivation point at 64 C and longevity in vitro and 
in vivo for 5 and 15 days, respectively. 
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Sharma and Gupta (1978) reported yet another new virus 
from India which caused both necrotic and mosaic symptoms in pea. 
Symptoms, host range, physical properties, transmission and 
electron and fluorescent microscopy revealed that it was distinct 
from pea mosaic and pea necrosis viruses from India and others 
from abroad, and hence was tentatively named pea necrosis mosaic 
virus and placed in the pea enation mosaic virus group, 
Kishtah et_ ^ „ (1978) identified a strain of broad bean 
wilt virus, an isometric virus from pea with severe mosaic, leaf 
malformation and stunting. The identification was based on host 
range, physical properties, serology and intracellular features, 
A strain of turnip mosaic virus (TuMV-P) was reported 
to be the cause of a widespread disease of pea in Geneva, N.Y, 
(Provvidenti, 1978), The virus caused an inconspicuous mottle to 
a striking mosaic, Capsella bursa-pastoris or alsike clover grow^ . 
ing in nearby uncultivated fields were thought to be the reservoir 
of the virus from where the aphid, Myzus persicae transmitted the 
virus to pea in a stylet-borne manner. Pea aphid, Acyrthosiphon 
pisum, however, failed to transmit the virus, TuMV-P was trans-
mitted mechanically to most of the crucifers but to only 11 out 
of 40 leguminous species tested. 
Kowalska (1979) found bean yellow mosaic virus and pea 
enation mosaic virus to be the most frequent on garden, field and 
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fodder peas in Poland. A pea necrosis isolate, Kow^14 was identi-
fied as clover yellow vein virus strain. Beet mosaic virus was 
also found to cause pea necrosis. In 1975 pea seed borne mosaic 
and in 1976 pea early browning mosaic were isolated, the latter 
reported for the first time from Poland, 
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RADISH (Raphanus satlvus Lo) 
A mosaic disease of radish was for the first time 
reported from Bombay province, India (McRae, 1924) and subsequently 
the disease has been shown to occur in U.S.A. (Gardner, 1927), 
Bermuda (Ogilve, 1928) and China (Yu, 1939). 
Tompkins (1939) gave a detailed account of a mosaic 
disease of radish occurring in California, U.S.A. The disease was 
characterized by small, roughly circular to irregular, chlorotic 
lesions between or adjacent to the veins, and later developing into 
a coarse mottle. After 10 to 14 days the normal leaf tissue 
appeared as irregular, non-raised island on a conspicuous yellowish 
green chlorotic background. Leaf distortion was not much prevalent. 
The wild or escaped radish was suspected to be the important source 
of infection. The virus was readily transmitted by sap to various 
hosts like cauliflower, broccoli, black and white mustard (Brassica 
nigra and B. alba, respectively), turnip and several cruciferous 
hosts. The virus retained its infectivity after ageing for 14 days 
at 68°C and was still infectious at a dilution of 1 in 14,000. 
Transmission studies of the virus was carried out by Severin and 
Tompkins (1950) who showed that the various species of aphid vectors 
of the virus fell into two groups, one included the species which 
multiplied on radish under natural conditions such as Brevicoryne 
brassicae, Rhopalosiphum pseudobrassicae, Myzus ornatus and 
M. persicae and other group consisted of species which did not 
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multiply on radish in green house such as Aphis apii, A. ferruginea-
striata, A, gossypii, A. rumicis, Cavariella aegopodii, Macrosiphum 
pisi, Myzus circumflexus and Macrosiphum solani. The virus was 
transmitted by aphids of the first group during the first day but 
not during the second and third days and thus appeared to be of the 
non-persistent type, 
Raychaudhuri and Pathanian (1955) described a mosaic 
disease of radish from lARI, New Delhi, India, The diseased plants 
in addition to mosaic showed necrosis and stunting. The virus was 
sap transmissible but to the members of Cruciferae only. The virus 
was shown to differ from radish mosaic virus in host range and 
properties, and from other viruses affecting the Cruciferae. No 
seed transmission of the virus was observed. The virus survived 
and withstood dilution to 1 in I0,000,000o It also withstood 17 
days storage at 17°-22°C and 101 days at 6°-8°C, 
Horton (1956) made a comparative study of radish mosaic 
viruses, viz. RMV-1 (radish mosaic virus, Severin and Tompkins, 
1950) and 5 other radish mosaic isolates, RMV-2-6 with known 
strains of cauliflower mosaic virus (CBV) and turnip mosaic virus 
(CAV and CBRV) on a number of hosts at constant air temperatures 
of 16° and 28°C, RMV-1 and 3 and CBV produced persistent vein-
clearing and yellow and green vein-banding on radish and other 
hosts, and were restricted to Cruciferae; the symptoms on radish 
were same as described by Severin and Tompkins (1950), but were 
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distinct from those reported earlier by Tompkins (1939). RMV-2, 4, 
5 and 6, CAV and CBRV produced prominent mottling and necrotic or 
chlorotic spots on both crucifers and non-crucifers, and could be 
distinguished from one another on certain tobacco varieties. Thermal 
inactivation point (in extracted sap heated for 10 minutes) lay 
between 70-80°C for RMV-1 and 3 and CBV, and between 60-65°C for all 
the remaining strains. All were transmissible by Myzus persicae and 
Brevicoryne brassicae. It was concluded that the strain used by 
Severin and Tompkins was not the same as that described by Tompkins 
(1939), but a strain of cauliflower mosaic virus. 
Shirahama (1957) reported that radish mosaic disease 
caused 30-40?6 reduction in yield of radish in Tokyo, Japan, Infec-
tion occurred in the seedling stage, symptoms being masked by low 
temperature in autumn. The disease increased susceptibility to 
soft rot (Ervinia sp.) and downy mildew (Peronospora parasitica). 
The author also attempted to classify the viruses causing radish 
mosaic. On the basis of infectivity to Nicotiana and cabbage the 
viruses were divided into turnip mosaic, Chinese radish mosaic, 
stock mosaic, cauliflower mosaic, cucumber mosaic and a group of 
six unidentified strains. Radish mosaic was, however, neither seed 
borne nor soil borne, and was usually transmitted by Myzus persicae, 
Rhopalosiphum pseudo-brassicae, and rarely by Brevicoryne brassicae. 
Insecticidal sprays and mixed culture of radish with rice were 
suggested as control measures for disease. 
88 
Radish mosaic disease (Shirahama, 1957) was believed to 
be associated with cucumber mosaic virus infection, and 2 viruses, 
P and R, related to turnip mosaic virus and another virus Q either 
singly or in various combinations (Tochihara, 1959), Tochihara 
(1959) also studied an isolate Po which infected a number of 
Brassica spp. and varieties, Matthiola incana, spinach. Chrysan-
themum coronarium, and Petunia hybrida. Cabbage and rape were 
symptomless carriers. Nicotiana glutinosa was resistent except 
when the virus was combined with cucumber mosaic virus. The dilu-
tion end-point of the virus extract was between 1:2,000-1:5,000, 
thermal inactivation point 55-60°C (10 minutes' exposure) and 
longevity in vitro in crude sap 4-7 days at 25-26°C; a freeze-dried 
preparation of the virus was still infective after 23 months. The 
isolate was not transmissible by Myzus persicae, which normally 
transmitted the P virus. The purified virus preparation when 
examined under electron microscope revealed the presence of rod-
shaped particles of approximately 12-13x650-700 mu. In serological 
tests an antiserum to P virus reacted specifically with leaf juice 
of turnip, radish, Brassica pekinensis, £„ hybrida, C, coronarium 
and spinach infected with P virus. In absorption tests the anti-
serum absorbed P virus completely. 
Chenulu (1959) studied turnip mosaic virus (TuMV) isolated 
from horse radish at Univ. of Illinois, U.S.A. Chenopodium 
amaranticolor was found to be the most suitable host for assaying 
the viruso Six species including C. album and Gomphrena globosa 
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developed local lesions and nine species including Nicotiana 
glutinosa developed systemic symptoms while twenty other species 
remained symptomless. Highest infectivity was noticed in 0.2M 
phosphate buffer pH 8, In further studies, Chenulu (1965) found 
that the sap from infected Nicotiana glutinosa was infective at 
1:500 but not 1:1,000. The virus remained infective for 6 h at 
pH 7-8,5 and for 45 days under continuous freezing but not after 
8 alternate freezing and thawing. It lost infectivity in 10 minutes 
at 55°C and in 120 minutes at 50*^ C, The virus was most stable at 
pH 7 and had flexuous rod shaped particles of c, 12x700 m/j. 
Duffus (1960) reported a yellows disease of radish named 
radish yellows. The disease was characterized by yellowing of the 
foliage. Species infected by the radish yellows virus showed, in 
general, interveinal yellowing of the lower and intermediate leaves. 
Radish yellows was incited by a persistent aphid-transmitted virus. 
Aphis helichrysi, Macrosiphum dirhodum, M. granarium, Myzus ornatus 
and M. persicae were the vectors of the virus, the last being the 
most efficient, Non-viruliferous aphids acquired the virus in a 
5 minutes acquisition feeding period and was transmitted to healthy 
plants by viruliferous aphids in 10 minutes feeding period. The 
incubation period of the virus in the vector was between 12 and 24 h. 
Insects reared on diseased plants retained the virus up to 29 days 
when transferred daily on seedling plants. 
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Kou (1961) reported a mosaic disease of radish from 
Taiwario The disease was found to differ considerably from other 
mosaic diseases of crucifers. Symptoms were a systemic vein-clear-
ing and general mottling with little or no leaf distortion,, The 
virus was mechanically transmitted to radish, Chinese cabbage, 
Chinese mustard, swede, turnip, White Burley and Turkish tobacco, 
Nicotlana glutinosa and No rustica. Experimentally it was trans-
mitted by Brevicoryne brassicae, Myzus persicae and Rhopalosiphum 
pseudobrassicae, but not by seed. Longevity ^  vitro at 20-22*'c 
was between 48 and 72 h, the thermal inactivation point was 55*^ 0 
(10 minutes' exposure) and dilution end point between 1:3,000-1: 
4,000. 
Horton, Pound and Pirone (1961) studied radish mosaic 
(Severin and Tompkins, 1950) and found it to be identical in host 
relationship and physical properties with cabbage B str. of cauli-
flower mosaic virus, and different from the virus described earlier 
by Tompkins (1939)6 Hence the identity of the isolate purified by 
Takahashi (1952) was uncertain and the validity of Sylvester's 
classification questionable. They found some other isolates from 
radish which belonged to the turnip mosaic or cauliflower mosaic 
virus groupso 
Khu and Pan (1964) reported a ring spot disease of radish 
caused by radish ring spot virus,, The virus was inactivated at 65°C 
(10 minutes' exposure). Virus in crude sap retained infectivity up 
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to 16-19 dayso The dilution end point was between 1:5,000-10,000. 
Tobacco, Zinnia elegans, cowpea and Datura stramonium were not 
infected when inoculated with virus. In Brassica chinensis and 
B. oleracea symptoms appeared diffusely in the form of rings, while 
in Bo pekinensis there was local necrosis only. Spinach and 
Gomphrena globosa were both susceptible. The virus was thought to 
be a strain of radish mosaic virus„ 
Joshi and Bhargava (1964) reported cabbage black ring 
spot virus causing mosaic in radish. The virus, transmitted in a 
non-persistent manner by aphids was found to occur naturally besides 
radish on Brassica juncea and Lepidium ruderale, a perennial weed. 
Removal and destruction of L, ruderale and self sown seedlings of 
cultivated crucifers (which acted as reservoirs of virus during 
unfavourable periods) was recommended as a control measure. 
Campbell (1964) isolated a virus from radish in California 
and showed it to resemble one described by Tompkins (1939). The 
virus had polyhedral particles c. 30 mu in diameter, and was serolo-
gically related to bean pod mottle, Arkansas mosaic and squash 
mosaic viruses. 
Li and Cheo (1964) recorded two strains of turnip mosaic 
virus, one capable of infecting Nicotiana glutinosa and other not; 
2 strains of cucumber mosaic virus (CMV), one capable of infecting 
tomato, the other not; and a virus causing ring spot on N, glutinosa 
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and mosaic on radisho The 2 strains of CMV and the ring spot virus, 
although readily isolated from radish, were not transmissible either 
by sap inoculation or peach aphid (Myzus persicae) to Peking cabbage, 
radish, or Chinese rape, respectively. CMV strains and the ring 
spot virus were infective to radish only when inoculated simultane-
ously. 
Tochihara (1965) made serological comparisons of viruses 
causing mosaic diseases of Japanese radish and identified turnip 
mosaic, cucumber mosaic, cauliflower mosaic, radish Q virus and an 
undetermined 'A' virus occurring either singly or in combination, 
A sap transmissible virus, radish enation mosaic virus 
purified from systemically infected leaves of radish var. Kameido 
was shown to have spherical particles of 25-30 miu diameter 
(Tochihara, 1968), The virus preparations were inactivated at 65°C. 
The virus was shown to be the only beetle (Phyllotreta striolata) 
transmitted virus known in Japan, No transmission was reported 
through seed or in soil or by means of several other insect vectors 
tested. On radish, symptoms included enation mosaic, necrosis and 
distortion of the leaves, while on turnip necrotic local lesions 
and systemic mosaic were developed. Chenopodium amaranticolor and 
C. album produced necrotic local lesions, while petunia was a 
symptomless carrier. 
Radish mosaic (RMV, Campbell, 1964; Tompkins, 1939) and 
radish enation mosaic (REMV, Tochihara, 1968) viruses were shown 
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to be closely related serologically and in host ranye and host 
reactions^ and the latter was suggested to be an isolate of RMV 
(Campbell and Tochihara, 1969),, 
At Rothamsted, Hickman and Verma (1968) found 30 of the 
47 horse-radish clones tested to contain sap transmissible viruses. 
Arabis mosaic virus was present in 53?^ , cabbage black ring spot 
virus in 36% and cauliflower mosaic virus in 13%. Using apical 
meristem culture a clone was freed from cabbage black ring spot and 
cauliflower mosaic viruses. 
In East Germany, Shukla and Schmelzer (1972) isolated 
arabis mosaic virus (AMV), cabbage black ring virus (CBRV) and 
tomato black ring virus (TBRV) occurring singly, in pair or in one 
case all together on horse-radish plants, the last named reported 
from this host for the first time. Horse-radish plants from 
Spreewald region in E. Germany yielded the beet ring spot type of 
TBRV whereas those from Berlin were infected by the potato bouquet 
serotype. All the plants appeared to be affected by CBRV and by 
one or both (AMV and TBRV) NEPO viruses. 
Kono and Sakai (1974) reported turnip mosaic virus (TuMV) 
causing mosaic disease of Japanese radish either alone or in combi-
nation with cucumber mosaic virus. Aphids readily transmitted the 
disease at average temperature of above 10*^ C. Sakai and Kono (1975) 
assessed the yield loss and found that infection by TuMV severely 
reduced yield of both the resistent and susceptible varieties. The 
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yield loss were greater when the plants were infected in early 
stage of the development. The number of leaves and diameter of 
roots were also severely affected by infection but not leaf length. 
In further studies Sakai and Kono (1978) isolated TuMV from 
Cerastium glomeratum. In inoculation tests 16 weed species from 
7 families were found susceptible, including Capsella bursa-pastoris, 
Cardomine flexuosa, C. scutata and Cerastium glomeratum which became 
systemically infected, while Stellaria media was symptomless host. 
All these hosts were considered to be important sources of inoculum 
for Japanese radish crops, especially C, glomeratum in which luMV 
overwintered, 
Schmelzer (1976) reported a mosaic disease of radish 
affecting more than 40% of radish seed plants near Ascherleben, 
East Germany, He isolated cauliflower mosaic virus from diseased 
plants and showed it to be transmitted by aphid (Myzus persicae) 
and sap but not through seed. In inoculation tests isolates of 
cabbage black ring virus from different plant species and turnip 
mosaic, turnip crinkle, turnip rosette and radish mosaic viruses 
induced no symptoms on radish seedlings, whereas Erysimum latent 
virus induced symptoms occasionally. The author claimed it to be 
the first report of a spontaneous virus infection of radish in 
Europe and probably elsewhere, 
Natsuaki et_ a^ ., (1979) reported radish yellow edge virus 
(RYEV) on Japanese radish (Raphanus sativus L, ), In negatively 
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stained dip preparations from infected radish seedlings the RYEV 
particles c. 30 nm in diameter were detected. The virus was trans-
mitted through seeds and was detected in 80-100?^  of young seedlings 
from seeds of 6 cultivars. Infected seedlings were usually symptom-
less, but sometimes showed mild symptoms of the yellow edge and 
dwarfing in their lower leaves. The virus was not transmitted by 
sap inoculation. It was purified by chloroform clarification 
followed by sucrose density gradient centrifugation. Purified 
preparations showed a UV absorption spectrum characteristic of a 
nucleoprotein. The sedimentation coefficient was c. 118 S. In thin 
sections of the infected leaves, virus particles were observed only 
in cells of vascular bundles. Inclusion bodies containing RYEV 
particles were observed in the cytoplasm of phloem parenchyma cells 
and in xylem vessels. In further studies, Natsuaki e_t ad, (1983) 
purified the RYEV from infected Japanese radish by CsCl equilibrium 
density gradient centrifugation. Virus particles banded with a 
byoyant density of c, 1o37 g/cm in CsCl, Purified RYEV prepara-
tions showed UV absorption spectrum characteristic of a nucleo-
protein with A max./A min. and A 260/A 280 ratio of c, 1,1 and 
1,39, respectively. Proteins from purified RYEV preparations, 
electrophoresed in SDS-polyacrylamide gels, migrated as 2 species 
with molecular weight of c. 63,000 and 61,000, RYEV nucleic acid 
was judged to be double stranded RNA from its resistance to RNAase 
in high ionic strength conditions. RYEV was not related serologi-
cally to turnip crinkle, turnip rosette, turnip mosaic and cucumber 
mosaic viruses which infect crucifers or to 10 seed borne viruses 
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which resemble RYEV in particle morphology and biological character-
istics. It was concluded that RYEV and several other seed-borne 
double stranded RNA viruses probably constitute a new group of plant 
viruses, 
A disease of radish and oil yielding Brassicas caused by 
a strain of turnip mosaic virus, prevalent in Sikkim, West Bengal, 
Uttar Pradesh and Delhi was reported to cause losses of 3.3-100% in 
root weight and up to 95.8% in seed weight in radish. Control 
measures suggested include a plant to plant spacing of 30 cm and 
60 cm between raws that proved effective in decreasing infection in 
crops raised during periods of high aphid infestation, viz, 
September and October (Ahlawat and Chenulu, 1982). 
Tezuka, Ishii and Watanabe (1983) isolated various 
isolates of turnip mosaic virus (TuMV) from radish in Japan. All 
the isolates were identified as ordinary strain of TuMV. 
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SPINACH (Spinacia oleracea L,) 
'Spinach blight', the first virus disease of spinach was 
reported by McClintock and Smith (1918) from U.S.A. The disease 
was characterized by mottling and malformation of leaves. Though 
many of the symptoms of spinach blight were similar to mosaic 
diseases of tobacco, cucumber etc., but unlike them it caused the 
death of the affected plants. The disease was mechanically trans-
mitted. Macrosiphum solanifolii and Rhopalosiphum persicae also 
transmitted the virus from diseased spinach to healthy ones. 
Schaffnit (1927) reported spinach mosaic from Germany. 
Spinach plants when attacked at an early stage of development were 
often killed. The disease was manually sap transmissible from 
spinach to spinach but not to beet. It was transmitted by Aphis 
fabae (A. rumicis) and an undetermined species of Macrosiphum to 
beet and vice versa. Symptoms on beet differed from those on 
spinach. Beet plants exhibited only retardation in growth and a 
reduction in yield. 
Severin and Henderson (1928) reported spinach to be natu-
rally affected by curly top in California. 
In Germany, Hoggan (1930) showed that cucumber mosaic 
virus was readily transmissible to spinach by the peach aphid, 
Myzus persicae and the potato aphid Macrosiphum solanifolii 
(M. gei). The virus caused malformation and mottling which were 
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followed by progressive yellowing and necrosis of the foliage with 
marked stunting and ultimate death of the plants. The symptoms 
produced on spinach by cucumber mosaic were similar to those of 
spinach blight or mosaic described by McClintock and Smith. Hoggan 
(1933) reported that three different viruses, viz. cucumber mosaic, 
sugarbeet mosaic and tobacco ring spot infected spinach. Cucumber 
mosaic and sugarbeet mosaic viruses were found to be transmitted by 
sap and also by aphids whereas aphids failed to transmit tobacco 
ring spot virus. He suggested that 'spinach blight' of McClintock 
and Smith and cucumber mosaic diseases are identical, 
Blattny (1931) reported a yellows type disease of spinach 
in Czechoslovakia. The disease carried by the aphid, Aphis rumicis 
caused severe deformation of the leaves which accompanied the 
characteristic discoloration, 
Gardner, Tompkins and Thomas (1937) reported tomato 
spotted wilt virus on spinach. In China, mosaic of spinach was 
reported by Yu (1939), 
Storey (1939) described a virus disease of winter spinach, 
Spinacia oleracea from England. The symptoms first appeared as 
yellowing of the younger leaves which later spread to outer leaves. 
Infected plants became stunted and leaves distorted. Disintegration 
of older tissue resulted into the rotting of the leaves which 
finally reached to roots resulting in the dealth of the plants. The 
virus was transmissible mechanically with sap to spinach, cucumber. 
sd 
tobacco and Nicotiana glutinosa. The disease was considered to be 
due to cucumber virus-1 and was thought to be the same as one 
described by McClintock and Smith from U.S.A. 
Roland (1939) studied two virus diseases namely yellows 
and mosaic of spinach in Holland, The former disease was shown to 
be caused by beet yellows virus and the latter by cucumber virus-1. 
Both diseases were transmissible by ^ Ayzus persicae from infected to 
healthy spinach plants. He did not accept the view of Hoggan (1930) 
and Storey (1939) that the mosaic disease was similar to the 
'spinach blight' (McClintock and Smith, 1918) as inoculation of 
tomato, Datura stramonium and Amaranthus retroflexus gave positive 
results in the case of spinach blight and negative in that of 
mosaic. Plants infected by either virus in the field were chlorotic 
with interveinal yellowing in the outer leaves which were curled, 
thickened and brittle. The secondary phloem of the affected foliage 
showed gumming. In severe cases the heart leaves failed to grow and 
there developed a rosette of small yellowish, undeveloped leaves and 
finally the plants died. 
Lihnell (1941) recorded spinach blight for the first time 
from Sweden. The causal agent of the disease was identified as 
cucumis virus-1 (cucumber mosaic virus). Lihnell (1951) later 
reported spinach to be the only indigenous crop in Sweden to suffer 
extensive damage from cucumber virus-1 (cucumber mosaic virus). 
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Chester (1943) showed cucumber mosaic virus to cause 
spinach blight in Oklahama, where it damaged 10-753o spinach 
plantings. 
Severin and Little (1947) reported spinach yellow dwarf, 
a virus disease from California, The first visible symptoms were 
clearing of the veinlets and curvature of the midrib followed by 
mottling with yellow green patches, curling and puckering of young 
leaves with blister like elevations and curved petioles. The older 
leaves showed chlorotic blotching. A necrosis started at the basal 
margin and later covered the whole leaf. The heart was stunted and 
after the death of older leaves it became yellow and eventually 
died. The virus in sap was inactivated at 55°C (10 minutes' 
exposure) but not when kept at -18°C for six months. It lost its 
infectivity when exposed to air at room temperature for 8 days and 
tolerated a dilution of 1:20,000. The green peach aphid, Myzus 
persicae transmitted the viruSo 
Severin (1948) reported western cucumber mosaic and 
celery calico viruses on spinach in addition to the five viruses 
already reported on spinach from California, namely: aster yellows, 
sugarbeet curly top, sugarbeet mosaic, spinach yellow dwarf and 
tomato spotted wilt viruses. Western cucumber mosaic, celery 
calico and sugarbeet mosaic viruses were recovered from naturally 
infected spinach and were transmitted mechanically to Turkish 
tobacco, Nicotiana glutinosa, sugarbeet and white spine cucumber. 
All three produced same symptoms on spinach which were vein-clear-
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ing, chlorotic spotting, blister like elevations and necrosis. 
Filamentous leaves were produced only by western cucumber mosaic 
viruso Myzus persicae was the vector of all the three viruses. 
Bean or dock aphid (Aphis rumicis) was also suspected to be the 
vector of these viruses. 
Fulton (1950) stated that out of eight naturally occurring 
viruses causing diseases in field grown spinach in U.S.A. cucumber 
mosaic (cucumber virus-1), originally called spinach blight on this 
host was the predominant virus disease of spinach in the Arkansas. 
Due to considerable variation in symptom expression on diseased 
plants he investigated whether one or more viruses may be involved 
in the disease. Six different isolates obtained from field grown 
spinach were studied. He described the reaction of varieties of 
spinach to these isolates and identified them as strains of cucumber 
virus-l. 
Bhargava (1951) isolated a strain of cucumber mosaic 
virus (CMV) from diseased spinach plants. The strain was designated 
as spinach strain of CMV, The strain caused severe chlorosis, stunt-
ing and malformation on spinach„ M. persicae was found to be the 
most efficient vectoro 
Behr (1954) described yellow spotting of spinach caused 
by a new strain of cucumber mosaic virus (CMV) in Germany. The 
symptoms produced by this strain of CMV closely resembled those of 
spinach blight (McClintock and Smith, 1918; Roland, 1939 and 
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Lihnell, 1951), The virus designated 'SV had a thermal death 
point of 65°C« It survived 12 days in vitro; withstood 21 days 
ageing at 1^C, and remained infectious in dead leaves for 12 days. 
Its dilution end point was 1 in 35,000. The virus was mechanically 
transmissible and also by Myzodes (Myzus) persicae, but not by 
grafting and seed. The virus had an extensive host range. Reaction 
on Nicandra physaloides was considered to be of diagnostic value, 
Gurturk e_t al. (1957) reported a new virus disease of 
spinach in Turkey and showed it to be due to mixed infection with 
cucumber mosaic and beet yellows viruses. The CMV particles ranged 
from 40 to 80 miu. 
Heskova et_ al. (1961) showed dwarfing of spinach, noticed 
in Czechoslovakia to be caused by a virus, transmissible to spinach 
and carrot by the leaf hopper Empoasca pteridis, 
Doolittle and Webb (1960) isolated a strain of cucumber 
mosaic virus from Commelina nudiflora which proved lethal to 
spinach varieties including P.I, 179590, resistant to all other 
strains of CMV tested. It was distinguishable from the typical 
strain by its reactions on several hosts. The physical properties 
of both strains were similar. 
Treshow £t a^. (1961) reported a yellows type virus 
disease of spinach from Eastern United States. The diseased plants 
were stunted and their leaves showed yellow to orange interveinal 
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chlorotic mottle, most pronounced at leaf tip and margin. The 
disease was transmitted to spinach, sugarbeet and radish by Myzus 
persicae. The identity of the virus involved was not determined. 
Duffus and Costa (1963) investigated the beet ring mottle 
disease of sugarbeet, spinach and other plants causing distortion 
and mottling on spinach in California. The host range of this virus 
included several common weeds and crop plants. The aphids, 
/"Anuraphis helichrysi (Kalt,), Aphis fabae Scop., A. helianthi 
Monell, A. pomi DeGeer, Macrosiphum barri Eassig, M. granarium 
(Kirby), Myzus ornatus Laing, M, persicae (Sulz.) and Pentatrichopus 
fragaefolii (Ckll.)J' transmitted the virus which was also trans-
mitted mechanically. Virus-vector relationships were studied with 
the green peach aphid, M, persicae which transmitted the virus in 
non-persistent manner. Using Chenopodium amaranticolor the dilution 
end point, thermal inactivation point and ageing in vitro were found 
to be 5" , 55-60°C (10 minutes' exposure) and 12-24 h, respectively, 
McLean (1965) reported a virus disease of spinach from 
South Texas, U.S.A. The virus on the basis of symptoms and physical 
properties was shown to have close relationship to spinach yellow 
dwarf viruso The virus infected only spinach and no infection 
occurred on 16 common test plants for spinach viruses. Myzus 
persicae was a vector of the virus. 
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Schroeder and Provvidenti (1970) reported broad bean wilt 
virus causing blight of spinach. Infected spinach plants showed 
symptoms of mottle progressing to severe chlorosis, followed by 
necrosis of the growing point. The spinach strain of broad bean 
wilt virus had a host range of 43 species in 14 families but not in 
Cucurbitaceae. A resistant selection, P.I. 103063 was also resis-
tant to cucumber mosaic virus. First reports of the occurrence of 
broad bean wilt virus on spinach from Britain and West Germany were 
made by Bailiss e^ aj,, (1979) and Weidemann ejt al. (1975), respect-
ively. In Korea, Lee et, ajj,. (1979) isolated broad bean wilt virus 
from spinach plants showing dark green mosaic symptoms. The virus 
was identified on the basis of serology and host range studies. 
Electron microscopy of preparations revealed the presence of spheri-
cal particles 25 nm in diameter. 
Faccioli (1972) isolated a strain of cucumber mosaic 
virus from spinach in Emilia, Italy. The virus caused deformation 
of the leaves of inner rosette and stunting, premature yellowing 
and shedding of outer leaves. 
Thomas £t al. (1973) reported that spinach yellow dwarf 
virus (SYDV) is confined to spinach in host range tests. The parti-
cles were rigid rods, 250x15 nm, which aggregated into crystals in 
infected cells. 
Naqvi and Mahmood (1975) reported a new spinach disease 
from Aligarh. The infected plants showed mosaic mottling character-
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ized by light and dark green patches on leaves. The leaves were 
reduced in size, distorted and showed large chlorotic sectors which 
were almost white. The plants remained stunted. Beta vulgaris 
saccharifera L. var. Katri-6 and Physalis peruviana were recorded 
as symptomless carriers. The virus retained infectivity in 
expressed sap at 10°C for 72 h and at room temperature (20-25°C) 
-4 -5 for 48 h. Dilution end point was between 10 and 10 and thermal 
inactivation between 70 and 75^C. The virus was shown to be diffe-
rent from the viruses reported so far on spinach and was designated 
as spinach mosaic virus. 
Lee et al. (1978) isolated turnip mosaic virus (TuMV) 
from spinach plants showing yellow mosaic symptoms. The identity 
of the virus was confirmed by host range and serological tests. 
Stefanac (1978) isolated cucumber mosaic, turnip mosaic 
and tomato bushy stunt viruses from spinach cv. Matador from 
Yugoslavia, the last two viruses being reported for the first time 
on spinach in Yugoslavia, All the viruses were mechanically trans-
mitted from diseased to healthy spinach. An unidentified virus, 
spinach latent virus (SLV) from plants with cucumber mosaic virus 
caused mainly symptomless infection and was readily transmitted by 
spinach seed and polleno 
Bailiss and Okonkwo (1979) isolated cucumber mosaic (CMV), 
turnip mosaic (TuMV), broad bean wilt (BBWV) and tomato aspermy 
viruses and a tobra virus from field grown spinach. The viruses 
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were identified by host range, electron microscopy and serology. 
Spinach cultivars susceptible to and infected by CMV showed diverse 
symptoms that were associated with individual viruses or a mixture 
of TuMV and CMV. CMV tolerant cultivars were symptomless when 
infected with CMV alone but produced diverse symptoms when infected 
with other viruses. CMV and BBWV reduced growth in a sensitive and 
BBWV in a tolerant cultivars. An association between trap catches 
of winged aphids and CMV incidence was noticed. 
Bos e_t al.. (1980) isolated spinach latent virus, a new 
ilavirus, seed-borne in Spinacia oleracea from 12 of 142 spinach 
seed lots from several countries in 1977-78. The virus was shown 
to be identical with GE 36, a virus presumably isolated from apple 
and pear. Most of the 17 plant species susceptible to virus were 
symptomless. The spinach virus was not transmitted by Myzus 
persicae but was transmitted through seeds of inoculated Celosia 
cristata (53?^ ), Chenopodium quinoa ( 909^), Nicotiana rustica (309^ ) 
and Samsun, White Burley and Xanthi tobacco (72?^ , 90% and 943^ , 
respectively)o Purified virus contained 3 components sedimenting 
at 87, 98 and 108 S. Particles were irregularly spherical c. 27 nm 
in diameter, some were bacilliform. It was weakly immunogenic and 
was identical serologically to GE 36 virus. It did not react with 
antisera to any of 36 spherical viruses and alfalfa mosaic viruso 
Viswanath and Nariani (1981) reported tobacco leaf curl 
virus on spinach for the first time in Delhi, Symptoms were severe 
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curling with thickening or long leafy enations on the veins of the 
under surface of the leaves. 
Kurppa £t ai. (1981) isolated spinach yellow mottle virus, 
a distinct strain of tobacco rattle virus (TRV) from spinach plants 
with a severe yellow mottle in England, The isolate induced 
symptoms resembling those of TRV in several indicator species but 
caused systemic necrosis in Chenopodium amaranticolor and C. quinoa. 
It was transmitted to bait plants grown in soil containing the 
nematode, Trichodorus primitivus. Purified preparations contained 
rod-shaped particles predominantly of 4 modal length, viz. 188 nm 
(L particles), 101 nm (S) and 57 and 48 nm (together called VS 
particles), the L and S particles were more in number. A distant 
relationship between spinach yellow mottle (SYM) and pea early 
browning virus (PEBV) was found by microprecipitin tests. Isolate 
SYM was, therefore, concluded to have closer affinities with TRV 
than PEBV and was considered to be a distinctive strain of TRV. 
Adams and Halliwell (1981) reported a new virus disease 
of spinach which was characterized by stunting and chlorosis. The 
virus designated as SP-I was mechanically transmitted to 3 species 
of the Chenopodiaceae and 6 species of Cucurbitaceae. The isolate 
SP-I was found to be a complex of two polyhedral particles, one 
13 nm in diameter and the other 19 nm. These two particles separa-
ted into 3 light scattering fractions in a sucrose density gradient. 
None of the fractions was infective by itself; however, a combina-
tion of equal parts of each of the 3 fractions was infective on 
C. amaranticolor. 
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Fujisawa et^ al.. (1982) isolated bean yellow mosaic virus 
(BYMV), tobacco mosaic virus and beet necrotic yellow vein virus 
( B N Y W ) from field grown spinach in Hokkaido, Japan. The isolate of 
BYMV from plants with vein necrosis had flexuous filamentous parti-
cles c. 750 nm long and was transmitted by aphids in a non-persis-
tent manner. Infectivity of crude sap was lost on heating at 55-
60*^ C (10 minutes' exposure), dilution to 10~ x10" and ageing at 
20°C for 2-4 days. Antiserum against this virus reacted positively 
with the P strain of BYMV (BYMV-P) in immunodiffusion tests. The 
virus infected many leguminous and non-leguminous plants, caused 
necrosis on faba bean and pea and was concluded to be the N-strain 
of BYMV. Another virus from spinach with mosaic symptoms infected 
many cruciferous plants and was identified as a strain of TMV, 
designated as IMV-C, Spinach plants with mosaic and yellows 
contained a rod shaped virus with particles 100-390 nm long. It was 
transmitted by soil but not by aphids. Infectivity was lost after 
10 minutes at 67-70 C, dilution to 10"" -5x10~ and ageing for 2-4 
days at 20°C. This virus was identified as BNYW. 
Stefanac and Wrischer (1983) studied the spinach latent 
virus (SLV) in Yugoslavia and compared it with the ilavirus 
described under the same name in the Netherlands (Bos e_t al.,,, 1980). 
In inoculation tests the Yugoslav isolate (SLV-H) infected 22 out of 
32 species of plants from 9 families causing more severe reactions 
than the Netherlands isolates. Sap from infected Chenopodium guinea 
was infective after 10 minutes at 55°C but not at 60°C, dilution to 
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10"^ but not to 10" , and 6 but not 8 days at 22°C. SLV-H was trans-
mitted by seed from infected. C. guinea (60^), Nicotiana clevelandii 
(90?6), Ne megalosiphon (95^) and spinach (56?^ ), and through pollen, 
causing infection of seed of C. guinea (21?^ ) and spinach {'b6%) and 
and of pollinated spinach plants. Electron microscopy of infected 
C, guinea and beet leaf cells revealed small vesicles (40-80 nm) in 
the cytoplasm and in small vaceules. 
Zanabayashi ejt a^, (1983) isolated a new strain of 
cucumber mosaic virus (CMV-SR) causing rugose symptoms on spinach 
in Japan. The virus had a host range similar to CMV-P but differed 
in being symptomless en cucumber and tomato. The virus was trans-
mitted by sap and aphids but not through seeds. The virus particles 
were spherical 30 nm in diameter. It was serologically indistin-
guishable from CMV-P, The name CWV-SR was proposed for the spinach 
strain of CMV. 
In East Germany, Briest e^ ai., (1984) reported spinach and 
various ether hosts to be naturally infected by beet mild yellowing 
virus (BMYV), HLISA tests indicated the virus to be a luteovirus. 
Antiserum against BMYV from sugar beet reacted positively with leaf 
material from all the infected crops. Rape was considered to be an 
important source of BMYV infection in spring^ In further studies 
Schmidt e^ a^ L, (1985) using ELISA and test plants recorded the 
natural infection of spinach, lettuce cauliflower, Brussels sprouts, 
Brassica oleracea vars, subauda, sabellica and gongyleides, and 
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Chinese cabbage with BMW. Infected plants showed typical yellow-
ing symptoms. Infection sources were seed production stands of 
over-wintered cropSo Mixed infection with mechanically transmitted 
viruses (cucumber mosaic in spinach, turnip mosaic in cabbage) 
increased the injurious effects, 
Wilson and Halliwell (1985) reported a CMV isolate from 
spinach in Texas, U.S.A. The isolate was closely related serologi-
cally to strain S of CMV and was designated the Texas spinach 
isolate of CMV-S. Host range included 39 spp, of crops and wild 
host plants in 12 of 13 families tested. Myzus persicae transmitted 
the virus. The isolate had a sedimentation coefficient of 
91.8+0.1 S. Virus preparations revealed the presence of spherical 
particles with a mean diameter of 28.9+0,3 nm. The isolate reduced 
the yield of 3 spinach cultivars by 23.8-47.4%. 
Naqvi and Mahmood (1985) purified a virus causing a 
mosaic disease of spinach and studied its properties. The virus 
SpMV was purified by chloroform phosphate procedure and in sucrose 
density gradients appeared as one centrifugal component with a 
sedimentation coefficient of 160 S. Electron microscopy revealed 
flexuous rods 660-670x15 nm^ SpMV did not show any relationship 
with aubergine mild mosaic and Melilotus mosaic viruses. 
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TURNIP (Brassica rapa L.) 
Gardner and Kendrick (1921) were the first to report a 
mosaic disease of turnip in U.S.A. Since then mosaic and various 
other virus diseases of turnip have been reported from other 
countries. Gram and Rostrup (1924), Samuel (1931), Chamberlain 
(1936), Tompkins (1938) and Saaltink (1950) reported the mosaic 
disease of turnip from Denmark, Australia, New Zealand, California 
and Holland, respectively, 
Gardner and Kendrick (1921) described a mosaic disease 
of turnip in which the leaves showed general mosaic and were 
stunted, misshapen and lighter green with dark blisters or puffy 
areas. In many of the diseased plants the leaves were extremely 
distorted by crinkling and folding. The disease was transmissible 
mechanically by sap from turnip to turnip but not to radish. 
Hoggan and Johnson (1935) reported a virus causing cons-
picuous mottling of turnip leaves. The virus was transmitted 
manually with sap to a number of cruciferous hosts. Aphids, Myzus 
persicae and Brevicoryne brassicae readily transmitted the virus. 
Thermal inactivation point was about 54°C (10 minutes' exposure) 
and its tolerance to dilution 1 to 1,000. Longevity jji vitro at 
20-22°C was between 24 and 48 h. 
Tompkins (1938) studied a mosaic disease of turnip at 
California, U.S.A. The disease was transmissible mechanically 
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from diseased to healthy seedlings of turnip variety Purple Top 
White Globe. Symptoms on this variety were conspicuous, coarse, 
systemic clearing of the veins, with interveinal mottling, marked 
crinkling of leaves and stunting of plants. Under glasshouse condi-
tions the turnip mosaic virus was readily transmitted by Myzus 
persicae and Brevicoryne brassicae. The virus was inactivated 
after ageing for three days in vitro at 22°C. Thermal inactivation 
point (10 minutes' exposure) was between 60 and 63°C and its 
tolerance to the dilution was 1 in 3,000. The host range of the 
virus included 18 species of 12 genera in 6 families. 11 of the 
18 species belonged to the Cruciferae and included, among others, 
cabbage, cauliflower, Chinese cabbage and Chinese radish. 
LeBeau and Walker (1944) isolated four isolates (T^, T^, 
Tg and TgO of turnip mosaic virus which differed slightly in their 
biophysical properties. All the isolates produced almost similar 
symptoms, which included stunting of plants, dwarfing, malforma-
tion and mottling of newly emerging leaves. Some leaves became 
entirely chlorotic except for occasional irregularly shaped raised 
islands of normal green or darker than normal. Necrosis varied 
from small, more or less circular spots to large irregular areas 
and streaks, which finally involved whole leaves, causing them to 
dry up and absciss prematurely. The virus was transmitted mechani-
cally as well as by green peach aphid and the cabbage aphid. 
Dilution end point of T^, Tg and T^ was 1:2,000 and for T^  1:50,000. 
T^  and T^ were inactivated at 56°C; Tg and T^ at 58°C; Tg was 
inactivated at 96 h in vitro at 20°C, T^ at 84 h, Tg at 72 h and T^  
at 120 h. 
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Markham and Smith (1949) reported turnip yellow mosaic 
(TYMV) disease of turnip from England, TYMV was reported frcxn 
Portugal by Borges (1947). The virus was mechanically transmitted 
to radish, cabbage, Chinese cabbage, kohlrabi, mustard, Brassica 
carinata, B. juncea, B. arvensis, watercress and Capsella bursa-
pestoris. The virus had a dilution end point, in extracted sap, of 
10~ . Thermal inactivation point lay between 70 and 75°C, The 
virus was spread by flea beetles (Phyllotreta spp«), the vector of 
the virus in nature. TYMV was shown to have spherical particles 
of 22 mju diameter (Cosslett and Markham, 1948). 
Saaltink (1950) reported a virus disease of turnip from 
Holland, which was further investigated by Beemster (1957). 
Affected plants were crinkled, misshapen and coarsely mottled. At 
a later stage the oldest leaves were shed, leaving the crumpled 
short heart leaves in the form of rosette. The virus was sap 
transmissible to a number of hosts belonging to Cruciferae and 
Solanaceae and Zinnia elegans and G6mphrena globosa. Thermal 
inactivation point was between 56 and 58°C, dilution end point was 
1:1,000 and longevity iri vitro extended over two to three days. 
The virus was non-persistently transmitted by Myzus persicae and 
Brevicoryne brassicae. The disease was considered to be similar 
to one described by Chamberlain (1936) from New Zealand and by 
Tompkins (1938) from U.S.A. 
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In Belgium, Vanderwalle (1950) described a yellows 
disease of turnip. The disease was characterized by the yellovdng 
of the foliage accompanied by marked reduction of growth. Symptoms 
were: appearance of vinous red discoloration along the edge and 
near the tip of the leaf followed by an intense chlorosis of the 
whole blade, which became hard and brittle. The diseased plants 
had abnormally small root without any external symptoms. The virus 
was transmitted mechanically as well as by Myzus persicae. Turnip 
yellows virus was named Brassica virus-5 (Roland, 1953), 
Broadbent and Blencowe (1954) reported a new virus 
affecting turnip at Edgell (Scotland), U.K., which they named 
'Turnip crinkle virus'. The virus was transmitted mechanically 
as well as by flea beetle (Phyllotreta spp.). Blencowe and 
Broadbent (1957) found, in crinkle infected turnip, a new virus 
having spherical particles of about the same size as those of the 
crinkle virus, i.e. 30 nm. Both the viruses were not related 
serologically and were separated by differential precipitation 
with ammonium sulphate. The new virus alone was also reported as 
infecting turnip in Kincardineshire, England. 
MacKinnon (1956) reported a latent virus in turnip in 
Canada. The virus, named turnip latent virus induced vein yellow-
ing on Physalis floridana, severe stunting and chlorosis on 
Nicotiana physaloides, slight stunting on several Brassica species 
and was symptomless on turnip and swede. The virus was not 
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transmitted mechanically,, Myzus persicae transmitted the virus„ 
The turnip latent virus appeared to be the same as the yellow net 
virus of certain Solanaceae, 
Broadbent and Heathcote (1958) described the properties 
and host range of 3 isolates of TYMV (Edinburgh strain and 
Northumberland strain from turnip, Broadbent and Heathcote, 1956; 
and a Bristol strain from diseased Lunaria annua plants); one of 
turnip rosette (TRY) virus and one of turnip crinkle virus (TCV), 
both from Kincardineshire« All were transmitted by flea beetles 
(Phyllotreta and Phylliodes sppo)^ Among the three strains of 
TYMV, Bristol strain was closely related to Edinburgh one and the 
Northumberland isolate was serologically distinct. TCV and TRV 
were not serologically related to each other or to TYMV. All were 
found to have a thermal inactivation point between 80 and 90°C, a 
dilution end point above 10 and a longevity in vitro of atleast 
30 days at about 20°C, All were transmitted by mechanical inocula-
tion to a wide range of cruciferous host plants, including turnip 
and pe-tsai (Brassica pekinensis) and many weeds. The chief 
difference between the yellow mosaic virus and the other viruses 
was that rosette virus infected a few and crinkle many non-cruci-
ferous plants, whereas the only non-cruciferous plant infected by 
yellow mosaic virus was Reseda odorata. 
Bode and Brandes (1958) made electron microscopic study 
of turnip mosaic virus strains, TUM from turnip, considered to be 
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of the turnip mosaic virus type, TUS with similar characteristics 
but inducing symptoms of the turnip crinkle virus type, a black 
ring spot strain (Ullrich, 1955), a strain of cabbage black ring 
virus and a crucifer virus, a strain of turnip mosaic virus 
(Uschdraweit and Valentin, 1957)o All were shown to have similar 
thread like virus particles normally 754 myu in length and 12-13 mju 
in diameter. All were considered to be of turnip virus 1 turnip 
mosaic group. 
Lister (1958) isolated turnip crinkle and turnip yellow 
mosaic viruses from turnip plants with yellow, crinkled leaves and 
stunted growth. Both viruses were transmitted together mechani-
cally and by flea-beetles (Phyllotreta sp.). In field inoculation 
tests, strains of both viruses used were shown to have little 
effect on root development in turnip inoculated at the 6-8 leaf 
stage. However, glasshouse tests indicated that earlier infection 
by flea-beetles killed or severely injured turnip seedlings. 
Verma and Varma (1961) reported the occurrence of turnip 
crinkle virus in India. The virus caused crinkling, stunting and 
rosetting of plants and was transmitted mechanically, but not by 
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aphids. The virus had a dilution end point of 10 and thermal 
inactivation point between 85-90°C, Cauliflower, kohlrabi, 
cabbage, tobacco, tomato, potato, Solanum nigrum. Datura stramonium, 
Cyamopsis tetragonaloba and sugar beet were reported as hosts of 
the virus. 
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The strains of turnip mosaic virus so far reported from 
different countries were classified into two groups according to 
their reactions on cabbage and Nicotiana glutinosa (Yoshii, 1963). 
An ordinary strain which produced mild symptoms on cabbage and 
Nicotiana glutinosa and the cabbage strain which caused severe 
necrotic ring spot on the former and severe mosaic on the latter. 
Blaszczak (1968) described turnip mosaic virus (TuMV) 
and its effect on yield of turnip and mustard in Poland, TuMV 
caused severe infection on white, black and Chinese mustard, swede 
and turnip, and colour breaking on Matthlola (stock) and zinnia 
and also infected some cabbage and tobacco spp. Thermal inactiva-
tion point was 60-62°C, dilution end point between 1:1,000-1:2,000 
and ageing in vitro 10-15 days. Under glasshouse conditions 
infection decreased yield of turnip roots by up'to 90^. 
Turnip crinkle virus (TCV) on turnip was reported for 
the first time from Yugoslavia by Stefanac (1969). The virus was 
transmitted to 20 test plants, of which 6 were said to be new hosts 
of TCV. Thermal inactivation point was between 90 and 92°C, dilu-
tion end point between 10~ -10 and longevity in vitro more than 
5 months. The isolate reacted positively with serum against TCV. 
Stefanac and Mamula (1971) reported an isolate of radish mosaic 
virus infecting turnip in Yugoslavia, and resembling the type 
strain. The isolate was designated as European strain. 
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Purification and serological reactions of four poly-
hedral viruses, viz,. turnip crinkle (TCV), turnip rosette (TRosV), 
turnip yellow mosaic (TYMV) and radish mosaic (flMV) viruses from 
Cruciferae were studied by Hollings and Stone (1969). In density 
gradient centrifugation, TCV and TRosV each gave 1 zone whereas 
TYMV and RMV each had 2 zones; virus from the upper zone of the 
RMV was slightly infective and unlike TYMV contained nucleic acid. 
In analytical centrifugation, TCV and TRosV each had only one 
sedimenting component, whereas TYMV and RMV each had 2 major ones 
in sap, 3 in fiber preparations. Serological tests showed them to 
be different from each other and from 35 other plant viruses. 
However, BtAV was serologically related to red clover mottle and 
cowpea mosaic viruses, but not to other viruses in this group. 
TRosV particles were 24-26 nm in diameter and TCV 26-28 nm, 
Chod et ad. (1972) purified TYMV by differential centri-
fugation and octanol floatation. The average size of the particle 
was 27.7 nm, 
Juretic ejt al. (1973) reported natural occurrence of 
TYMV on turnip for the first time in Hungary. Affected plants 
showed symptoms of vein clearing and vein yellowing, outstanding 
variegation and mosaic with yellow or nearly white areas. Crambe 
abyssinica was shown to be a new host for the virus. The Hungarian 
isolate of TYMV was serologically related to but not identical with 
Yugoslav strain. 
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Based on host range, thermal inactivation point, 
electron microscopy and serology, Demski (1973) reported 2 viruses 
of turnip and mustard (Brassica juncea) in Georgia, U.S.A. The 
viruses were identified as turnip mosaic and cauliflower mosaic 
viruses. The virus infection in field was 1.7% in turnips and 
31% in mustard. 
Mohammed and Quacquarelli (1976) described a mosaic 
disease of turnip from Italy, Four principal syndromes were noted: 
(a) blister mosaic was shown to be caused by a spherical virus of 
50 nm diameter, resembling cauliflower mosaic virus in reactions 
produced in differential hosts, nature of inclusions and anatomy 
of infected cells; (b) chlorotic mottle was shown to be caused by 
a strain of turnip mosaic virus incapable of infecting cabbage and 
cauliflower; (c) asteroid mosaic was believed to be caused by a 
strain of radish mosaic virus biologically and serologically 
indistinguishable from a strain from mustard; (d) mosaic with mal-
formations was shown to be caused by a turnip mosaic virus strain 
resembling the chlorotic mottle pathogen (b). Plants showing 
mosaic and leaf malformation (syndrome d) also yielded CMV, but 
this virus alone did not induce symptom; however, mixed inocula-
tions with the 2 viruses (strain of TuMV and MV) induced mostly 
chlorotic mottle. 
Juretic e_t ^ . (1976) reported occurrence of turnip 
mosaic virus (TuMV) on turnip and cabbage in Hungary. Both HS and 
KoA isolates of virus (TuMV) produced granular cytoplasmic X-bodies, 
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oval or irregular, often containing crystalline needles. Electron 
microscopy showed flexuous filamentous particles c. 730 nm long. 
Myzus persicae readily transmitted TuMV in a non-persistent manner. 
The thermal inactivation point was 56-58°C, dilution end point 
-3 -4 between 2x10 -2x10 and longevity jji vitro 2-3 days. The two 
isolates were shown to be serologically related to Yugoslav strain 
of TuMV isolated from cabbage, 
Karl and Giersemehl (1977) studied the aphid transmission 
of turnip mosaic virus (TuMV), The rate of TuMV infection decreased 
to -<5Cp6 after post-acquistion fasting of wingless Aphis fabae and 
Brevicoryne brassicae for 1 h and winged Myzus persicae and wing-
less A, fragulae gossypii for 8 h. The last infections occurred 
after fasting times of 32 h (wingless Macrosiphum euphorbiae) and 
35 h (wingless M. persicae). 
Aphis gossypii transmitted turnip mosaic virus to radish 
causing radish mosaic. A single aphid was able to transmit the virus 
(Joshi, 1978). 
Choi et_ alo (1979) found that the turnip mosaic virus 
(TUMV)-RNA prepared by the ammonium carbonate method was infectious, 
sensitive to ribonuclease and tolerant of deoxyribonuclease. The 
sedimentation coefficient was determined as 38«6+0,7 S with linear-
log sucrose density gradient centrifugation. TuMV-RNA, denatured 
with formaldehyde had a sedimentation coefficient of 24,3+0,5 S, 
showing a 37?^  reduction compared with native RNA. The molecular 
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weight of TuMV-RNA (from native and formaldehyde treated RNA) were 
3x10 and 3„05x10 , respectively. The value 3,1x10 was obtained 
by polyacrylamide gel electrophoresis. 
Altenbach and Howell (1981) identified a satellite RNA 
associated with turnip crinkle virus (TCV), TCV infected turnip 
plants were found to contain 4 major RNA species not found in 
uninfected plants, 2 of them (A & C) were thought to be packaged 
in the mature virion, but only the large RNA(A) was required for 
infection. Plants infected with A alone produced neither the small 
virion C nor the small non-virions B and D, C was not infectious 
by itself but required coinfection with A to replicate in plants. 
C increased the severity of symptoms in plants infected with A and 
restored the production of B and D, T^ fiNAse oligonucleotide 
mapping and copy DNA did not have extensive homology. Based on 
these data the authors suggested that A contained the full TCV 
genome and that C is a dispensable satellite which he designated 
S-TCV, 
Novak £t ji, (1984) reported a mixed infection by turnip 
mosaic and cucumber mosaic viruses of turnip (Brassica rapa var, 
sylvestris Perko PV 4) in Czechoslovakia. Infected plants showed 
a retarded growth with young leaves showing vein clearing and 
chlorosis. Old leaves showed interveinal chlorosis and their veins 
were dark green or lemon coloured. Identity of the mixed infection 
(by TuMV and CMV) was confirmed by serological tests and reactions 
on indicators. 
122 
Three isolates of turnip yellow mosaic virus (TYMV), 3 
of radish mosaic virus (RdMV) and 2 mixtures of these viruses 
infecting turnip in Yugoslavia were studied by Mamula and Juretic 
(1985), The TYMV isolates were identical and closely related to 
strain 1 of TYMV as indicated by test plant reactions and 
serology. The RdMV isolates were identical with the European 
strain of RdMV, TYMV, RdMV and their mixed infection were found 
in c. 3, 6 and 1%, respectively, of the field specimens. 
CHAPTER 3 
M A > T 7 E : R I A . L S A-isriD M E T H O D S 
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MATERIALS AND METHODS 
3.1 Raising of plants 
For all purposes, plants will be grown in clay pots of 
4 and 6" diameter, filled with a mixture of soil and compost in 
a ratio of 2j1, The soil mixture will be steam sterilized by 
autoclaving for one hour at a pressure of 20 lb per square inch. 
Pots will be sterilized by rinsing with 4 per cent formalin 
solution and prepared by filling with sterilized soil mixture 
autoclaved 24 hours earlier and sieved before use. 
Seedlings will be raised in formalin sterilized wooden 
trays (I8"x18"x5") containing sterilized soil mixture. Young 
seedlings of uniform size will be transplanted singly to caly 
pots. However, plants belonging to Cucurbitaceale and Leguminosae 
will be raised singly by direct sowing in clay pots. For inocula-
tions, the plants will be used two weeks after transplantation. 
All the plants will be raised and kept in an insect proof glass-
house (20-30°C, normal day length) and given an uniform care with 
respect to fertilizer, water and other requirements. 
3.2 Virus culture 
Virus culture will be obtained from naturally infected 
plants showing symptoms of virus infection and maintained on suit-
able propagation host by manual sap inoculations. Single lesion 
inoculations will be attempted to assure a pure virus culture. 
Virus/es not transmitted mechanically will be knowingly omitted 
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and only mechanically transmitted virus/es will be taken for 
investigations. Once the culture of the virus/es has been main-
tained on a suitable propagation host, it will be kept in active 
state by fresh inoculations at regular intervals on young propaga-
tion host, 
3.3 Source of inoculum 
Young leaves from infected propagation host plants will 
be used as source of inoculum. Inoculum will be prepared by 
macerating them in a mortar with pestle in OolM phosphate buffer 
pH 7,0. For each gram of leaf material 1 ml of buffer will be 
used. The macerate will be filtered through two layers of cheese 
cloth. The sap thus obtained will be used as standard inoculum» 
3.4 Method of inoculation 
The fully expanded leaves of a plant, to be tested for 
susceptibility to the virus will be inoculated by gently but 
firmly applying the standard inoculum with the help of forefinger 
on the upper surface of the leaves predusted uniformly with 
carborundum 500 mesho The inoculated leaves will be rinsed by a 
gentle stream of water before the inoculum on the surface of the 
leaves dries up. This method will be used as an usual method of 
inoculation throughout the course of investigation. 
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3.5 Host-range studies 
Several species of plants, belonging to different 
families will be screened for the susceptibility to the virus under 
investigation. Standard inoculum will be used for inoculation of 
all plants. At a time at least three plants of a species or culti-
var will be Inoculated and the same number will be kept as control. 
Plants at 5-6 leaf stage will be used and all tljie fully expanded 
leaves will be Inoculated. The inoculated plants will be observed 
daily for the development of symptoms. Time, sequence and the 
severity of the symptoms will be noted. Inoculated plants will be 
kept under observation for at least six weeks. Those Inoculated 
plants not exhibiting any symptoms will be observed for 8 weeks. 
Back Inoculations to a test plant will be made from all the 
inoculated plants. 
3.6 Transmission studies 
Attempts will be made to find out the vector of virus in 
the field. Experimental transmission using aphids, nematode and 
dodder (Cuscuta spp.) will be studied. Seed transmission and graft 
transmission will also be studied. 
3,6.1 Transmission by aphids 
Adult aphids found transmitting the disease during pre-
liminary investigations will be used to study aphid-virus relation-
ship (non-persistent, persistent or semi-persistent). 
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^i) Raising of virus free aphids 
Viviparous adults will be starved for about 8 h at room 
temperature in a petridish and then placed upon a detached leaf of 
an appropriate healthy host plant in a petridish. The atmosphere 
inside the petridish will be made humid by covering the inner 
surface of the petridish with wet filter paper. Newly born nymphs 
will be transferred to a fresh and healthy plant immune to the 
virus under investigation. The aphid colonies, thus developed will 
be used as healthy colonies of virus free aphids. The aphids from 
one plant to other will be transferred with the help of moistened 
tip of camel's hair brush type A, No.1. 
(ii) Mode of transmission 
To establish the mode of transmission following proce-
dures will be adopted. 
(a) Non-persistent 
1. Pre-acquisition starvation period 4-8 h 
2. Acquisition access period 1_2 min 
3. Inoculation access period 24 h 
4. Number of aphids per plant 10 
Virus free aphids will be first starved for 4-8 h in a 
glass vial before an acquisition access feeding of 1-? min on the 
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detached leaf of the diseased plant placed on moist filter paper 
in a petridish. After acquisition feeding, 10 aphids will be 
transferred to each healthy seedling of test plants for an inocu-
lation feeding period of 24 h. The plants will be covered with 
lantern chimney having its top covered with muslin cloth to avoid 
aphids from escaping,, The aphids, after the end of the inoculation 
feeding will be killed by spraying by an insecticide. The test 
plants will be kept in insect proof glasshouse to observe the 
development of symptoms» 
(b) Persistent 
1. Acquisition access period ,• 24 h 
2. Inoculation access period 48 h 
3. Number of aphids per plant 10 
The virus-free aphids, without subjecting them to starv-
ation will be allowed 24 h acquisition feeding time on diseased 
leaves placed on a moist filter paper in a petridish. After the 
completion of acquisition feeding, 10 aphids will be transferred 
to each test plant where they will be given an inoculation feeding 
time of 48 h. After the inoculation feeding period, aphids will 
be killed by spraying an insecticide. The test plants will be kept 
in an insect proof glasshouse to observe the development of 
symptoms. Back inoculations from the plants on which aphids were 
given inoculation feedings will be made on appropriate diagnostic 
host. 
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3.6.2 Transmission by dodder 
Seeds of dodder (Cuscuta sp,) will be germinated on moist 
filter paper placed in petriplates and then transferred in 12" clay 
pots, sterilized with formalin {^) and containing sterilized soil 
mixture. When the plants are about 6" long, they will be trained on 
a suitable host plant susceptible to the virus being studied, and 
the host plant (on which the dodder is being trained) will be 
inoculated after one weeko When the dodder has been established on 
inoculated plant, a healthy test plant in another pot will be 
placed near the pot (having inoculated plant with dodder established 
on it) and the tips of the branches of the dodder will be placed on 
the healthy test plant or the branches of the dodder will be 
detached, placed in the axil of the healthy test plant and alJ,owed 
to establish there. The plants, thus inoculated will be observed 
for the development of symptoms, if any, for about 6 weeks. Back 
inoculations will be made on local lesion host to confirm the 
presence of the virus (transmitted by dodder). 
3.6.3 Transmission by nematodes 
Nematodes from the soil samples collected from the field 
of naturally infected crop will be isolated following the conven-
tional decanting and sieving procedure (Cobb, 1918) or by using the 
apparatus developed by Oostenbrink (1960). 
To ascertain whether the nematodes isolated from soil 
samples carry virus or not, the following two tests will be done. 
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(a) A drop of concentrated nematode suspension ,on a glass slide 
will be macerated with a glass spatula and inoculated on the 
leaves of local lesion host, 
(b) Nematode suspension will be poured around the roots of the 
test plants. Nematode inoculated test plants will be observed 
for the development of symptoms for about 8 weeks. Back inocu-
lations from shoot and root of nematode inoculated plants will 
be made on the leaves of local lesion host. 
Search for nematode vector 
Species of Longidorus, Trichodorus and Xiphinema, known 
as the vectors of some of the plant viruses will be isolated from 
the soil samples using Cobb's method (Cobb, 1918). Varying numbers 
of such nematodes will be poured around the roots of healthy test 
plants. Nematode inoculated plants will be observed for the 
development of symptoms. 
Similarly varying number of these nematodes will be 
poured around the roots of infected plants (mechanically inocula-
ted in glasshouse). After about 15 days of acquisition feeding, 
plants (infected) will be uprooted and the healthy plants will be 
planted in the same pots. Such plants will be observed for the 
development of symptoms. Back inoculations from all nematode 
inoculated plants (using shoot and root separately) will be made 
on a local lesion host. 
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However, if the observations on the above studies are 
found to be positive studies will be extended to identify the 
specific nematode species acting as vector and its relationship 
with virus being investigated. 
3,6.4 Transmission through seeds 
A few inoculated plants will be kept till flowering and 
fruiting. After the seed maturation, they will be collected and 
dried. Hundred seeds will be sown in a wooden tray containing 
sterilized soil mixture. The seeds germinating will be counted. 
The number of healthy and diseased plants, if any, in a tray will 
be counted. To compare their percentage germination, 100 seeds 
from the healthy plants will also be treated in the same way. 
Seed transmissible nature of the virus under study will 
be tested by the following methods. 
(a) by macerating the seeds from diseased plants in OolM phosphate 
buffer pH 7,0, giving macerate a low speed centrifugation and 
inoculating the sap thus obtained on the local lesion host. 
(b) by keeping the plants, developed from the seeds collected from 
diseased plants under insect proof glasshouse for about one 
month to observe the development of symptoms. 
(c) by inoculating sap obtained from the young seedlings developed 
from seeds collected from diseased plants on local lesion 
host. 
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3.7 Effect of various buffers on the infectivity 
Various buffers at different pH and molarities will be 
tested to work out the most suitable one in which virus infectivity 
is retained most. Phosphate, borate, citrate, acetate, glycine-NaOH 
and Tris-HCl buffers will be used. 
Young infected leaves will be macerated in a mortar with 
pestle using a buffer (any of the above mentioned) as extraction 
medium. The sap obtained after passing the homogenate through two 
layers of cheese cloth will be inoculated on to the leaves of local 
lesion host following the usual method of inoculation. All the 
buffers will be tested in the same way, and a buffer at a pH and 
molarity in which virus infectivity is comparatively higher will be 
selected and used regularly as an extraction medium for the virus 
being studied. 
3.8 Virus concentration in different parts of the plant 
To determine the virus concentration in different parts 
of the plant, 10-15 days earlier inoculated plants will be uprooted 
carefully and washed. The plants will be blotter dried. Root, stem 
and leaf tissue will be cut separately into pieces. Equal amount of 
root, stem and leaf tissue will be macerated separately in mortar 
and pestle using a suitable buffer and each macerated will be 
filtered through 2 layers of cheese cloth. Sap obtained from each 
sample will be inoculated separately on a local lesion host using 
usual method of inoculation. 
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3,9 Selection of a suitable propagation host and an assay host 
To search out a suitable propagation host several plants 
susceptible to the virus being studied and showing prominent 
symptoms will be considered. Amongst them a plant showing the 
following characters will be selected, 
(a) rapid germination and fast growth, 
(b) short incubation period of the virus, 
(c) peak concentration of the virus within a short period after 
inoculation, 
(d) absence of virus inhibitors, and 
(e) more yield of infected tissue with good virus concentration. 
Assay of the virus will be carried on a local lesion 
host. To search out a local lesion host, several plants commonly 
used as a assay host of different viruses, together with other 
available plants will be tested. Amongst them a plant which reacts 
with discrete local lesions to the virus being studied will be 
selected and used as assay host. In case of availability of more 
than one local lesion host a plant which shows the following 
characters will be selected, 
(a) rapid germination and fast growth, 
(b) large leaves, 
(c) good number of inoculable leaves, 
(d) short Incubation period of the virus, and 
(e) production of easily countable local lesions. 
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However, in case of norwavailability of a local lesion 
host, assay tests of the virus will be carried out on a systemic 
host, 
3.10 Concentration of the virus in host 
Sixty plants of propagation host of the same age and size 
will be selected and their two lower most leaves will be inoculated 
with the virus following the usual method of sap inoculation. After 
every two days, two plants will be selected randomly and their 
young uninoculated leaves will be harvested. These leaves will be 
homogenized in a mortar with pestle in a suitable buffer and the 
sap thus obtained will be inoculated on to the leaves of local 
lesion host. In this way concentration of the virus in the propa-
gation host at different intervals after inoculation will be worked 
out through local lesion assay and the peak period of virus concen-
tration will be recorded. 
3.11 Biophysical properties 
To work out the dilution end-point, thermal inactivation 
point and longevity in vitro, methods detailed by Noordam (1973) 
will be employed, 
3.11.1 Dilution end-point 
By adding suitable buffer, ten fold dilutions (10*" , 
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10"^, 10"*^ , 10""^  10""®, 10""^ ) will be made of the sap 
obtained from the young infected leaves of the propagation host 
after grinding them in a mortar with pestle. Each sample will be 
inoculated on to the leaves of the local lesion host following the 
usual method of sap inoculation. In this way the dilution at which 
virus loses its infectivity will be determined. 
3o11.2 Longevity in vitro 
(a) In sap 
Young infected leaves of the propagation host will be 
homogenized in a mortar with pestle in the presence of a suitable 
buffer. The homogenate will be filtered through two layers of 
cheese cloth and the sap, thus obtained, will be kept at room 
temperature (20-.25°C). After every 6 h interval, a small amount 
of the sap will be taken and inoculated on the leaves of the local 
lesion host and this will be continued upto several days. Local 
lesions developed on the inoculated leaves will be counted for 
each interval and the time after which the virus loses its infect-
ivity will be recorded. 
(b) In dried leaves 
Young infected leaves of the propagation host will be 
cut into small pieces and dried over anhydrous calcium chloride in 
a desiccator. After every 24 h interval, such pieces will be homo-
135 
genized in a buffer In a mortar with pestle^ The sap obtained 
after passing the homogenate through two layers of cheese cloth 
will be inoculated on to the leaves of local lesion host. This 
will be continued upto the time the virus loses its infectivity in 
the tissue dried over anhydrous calcium chloride. 
3.11.3 Thermal inactivation point 
The sap obtained by macerating the young infected leaves 
of the propagation host in a suitable buffer in a mortar with 
pestle and filtering through two layers of cheese cloth will be 
divided into 12 aliquots of 5 ml each and kept in glass vials. The 
glass vials will be held in a water bath in such a way that the 
sap level in the vial is below the water level in the bath^ The 
different aliquots will be heated at 40, 45, 50 o... 85, 90°C for 
ten minutes and cooled under running tap water, immediately after 
heating. Each heated aliquot will be inoculated on the leaves of a 
local lesion host. One aliquot left at room temperature will also 
be inoculated, 
3.12 Effect of various additives on virus infectivity 
Various additives (sodium sulphite, DIECA, EDTA, sodium 
thioglycollate, mercaptoethanol) will be tested to find out 
whether their addition to the extraction medium results in an 
increase of virus infectivity. If so, the most suitable additive 
will be selected and routinely added to the medium for virus 
extraction. 
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3,13 Purification 
After having worked out a suitable buffer, an assay 
host, a propagation host and biophysical properties attempts will 
be made to purify the virus under investigation. 
3,13,1 Clarification of sap 
Young infected leaves of the propagation host will be 
macerated in a suitable extraction medium in a mortar with pestle. 
The macerate will be passed through two layers of cheese cloth and 
the sap thus obtained will be given a low speed centrifugation at 
5000 g for 10 minutes. The supernatant (sap) will be subjected to 
various clarification procedures, 
(i) Cellte and charcoal 
Celite and activated charcoal will be mixed with sap at 
the rate of 5 g per 100 ml, either separately or in combination. 
When both are to be used, 5 g of activated charcoal will be mixed 
with 100 ml of sap and after 1/2 minute stirring 5 g of celite 
will be added. Shaking will be continued for another half minute. 
The adsorbant will be removed by the following method (Steere, 
1964), 
(a) Centrifugation at 2,000 rpm for 5 minutes or 
(b) Filtration through Buchner funnel supported by a 2-3 mm 
thick celite pad and Whatman filter paper No.1 or 
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(c) Filtration through a filter paper (Whatman No.1) only in a 
Buchner funnel. 
(ii) Organic solvents 
Organic solvents (such as butanol, chloroform, ethyl 
alcohol, carbon tetrachloride and diethyl ether) either separately 
or in combination such as (chloroform-butanol) will be used in two 
ways for the removal of the extraneous plant material from the 
infected tissue. 
(a) By macerating the tissue along with a mixture of suitable 
buffer and organic solvents, or 
(b) By adding requisite amount of solvent in crude sap obtained 
after macerating the infected tissue in buffer and filtering 
through two layers of cheese cloth. 
The mixture will be incubated for 30 minutes and then 
centrifuged at 5000 g for 15 minutes. The aqueous layer will be 
separated. The effect of solvent on the virus infectivity will be 
tested by assaying the aqueous layer for active virus content on 
a local lesion host, 
(iii) Calcium phosphate gel 
Calcium phosphate gel will be prepared by mixing OolM 
sodium dibasic hydrogen phosphate (Na2HP04.2H20) and Oo1M calcium 
chloride (CaCl2) in equal volume. The mixture after continuous 
stirring for 15 minutes will be allowed to settle. The supernatant 
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will be decanted. To the remaining precipitate double distilled 
water will be added and the resuspended precipitate will again be 
allowed to settle down. In this way precipitate (gel) will be 
washed 15-20 times to assure the removal of chloride ions (Cl""). 
Finally it will be equilibrated with phosphate buffer (O.IM, 
pH 7.0), Such freshly prepared gel will be mixed with sap obtained 
after low speed (5,000 g,for 10 minutes) centrifugation of the 
crude sap, stirred vigorously and centrifuged for 5 minutes at 
5,000 g. The clear supernatant will be assayed for virus activity 
on local lesion host. 
Out of the clarification methods mentioned above, one 
will be standardized and used as clarification method in the 
purification of the virus being studied, 
3,13,2 Concentration of the virus 
Infectious sap obtained after clarification treatment as 
detailed above will be used for concentration of virus by any of 
the following methods. 
Differential centrifugation 
Ultracentrifugation will be done in model L3-50 Beckman 
preparative ultracentrifuge using rotor type 50. Normally, high 
speed centrifugation will be done at 97,000 g unless otherwise 
stated. The pellet, thus obtained will be dissolved in a suitable 
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buffer. Low speed centrifugation will be performed at 10,000 g in 
a Remi 1-24 centrifuge. The number of cycles and the time of 
centrifugation at different rpm will be worked out keeping in view 
the stability of the virus and its sedimentation. Activity of 
different samples in supernatant and the pellet will be assayed on 
local lesion assay host. 
Precipitation 
(i) Polyethylene glycol (PEG) 
Polyethylene glycol 6,000 MW will be used for precipi-
tating the virus in clarified sap. Precipitation of the virus 
will be tried with 2, 4, 6, 8, 10 and 12 per cent PEG separately. 
In every case, the variation in salt (NaCl) concentration and its 
impact on precipitation of the virus will be standardized. After 
the addition of requisite quantity of PEG and NaCl to clarified 
sap, the mixture will be stirred on a magnetic stirrer till both 
(PEG and NaCl) are dissolved completely and kept in a refrigerator 
at 4 to 8°C for 6 h to allow complete precipitation. 
(ii) Ammonium sulphate 
Different quantities (10-40%) of ammonium sulphate 
(NH4)2S04 (W/V) will be added to clarified sap (1/1). The mixture 
will be stirred at 8+2°C in an ice bucket till the (NH4)2S04 
crystals dissolve completely. The mixture will then be incubated 
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at 4+1®C for 2 h and centrifuged at 5,000 g for 15 minutes to 
collect the precipitate. 
The pellets obtained by PEG and (NH4)2S04 precipitation 
will be dissolved separately in a suitable buffer and recentri-
fuged at 5,000 g for 5 minutes^ Supernatant thus obtained will 
be assayed on local lesion host. 
3,13,3 Further purification by density gradient centrifugation 
Concentrated virus samples obtained by the methods 
detailed above will be subjected to further purification using 
density gradient centrifugation (Brakke, 1951, 1960), 
Linear sucrose gradient columns will be prepared by 
layering 7,7,7 and 4 ml of O.IM phosphate buffer pH 7.0 having 
400,300,200 and 100 mg sucrose per ml, respectively, in a 1x3" 
tube. The sucrose solutions of different concentrations will be 
layered using a pipette with a broad orifice. 
The heaviest solution will be layered first and the 
solutions of decreasing concentration will be layered on the top 
of each other. The columns will be used after standing for 24 h 
in a refrigerator. Usually 2 ml of the virus preparation will be 
floated on top of the column and the column will be centrifuged 
immediately after floating the virus preparation to avoid droplet 
sedimentation. The columns will be centrifuged in SW 25.1 rotor 
in L3-50 preparative ultracentrifuge. The accelaration upto a few 
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hundred rpm will be made gradually. The tubes will be centrifuged 
for 2-^-4 h. After centrifugation the tubes will be examined in a 
dark room by projecting a narrow beam of light down the tube from 
the top. The virus zone scattering the light will be removed from 
the tubes by 20 guze 10 cm long needle bent twice at right angles 
and attached to a hypodermic syringe. 
3.14 UV spectrophotometry 
Virus preparations will be examined in a Beckman DU-2 
model ultraviolet absorption spectrophotometer to evaluate the 
different methods of purification and to ascertain the purity of 
isolated virus. 
Ultraviolet radiations are absorbed in a characteristic 
manner by the virus (nucleoprotein) containing solutions. Absorb-
ance of samples will be studied in UV range (230-320 nm) and graphs 
will be plotted. Values of A^ max/rain, A-280/260 and A^260/280 will 
be calculated to know the approximate percentage of nucleic acid, 
3.15 Electron microscopy 
Shape and size of the virus particles will be studied 
in an electron microscope. 
3.15.1 Leaf dip method 
The method of Brandes (1964) will be followed for leaf 
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dip preparations. One drop each of 2 per cent potassium phospho-
tungstic acid (PTA) and uranyl acetate will be placed separately 
on several formvar coated copper grids having carbon backing. The 
freshly cut ends of infected leaves will be dipped in the drop for 
2-4 seconds. Such grids will be allowed to dry for sometime and 
thereafter examined under electron microscope at various mangifi-
cations, 
3.15.2 Procedure with purified virus preparation 
A small droplet of purified virus preparation will be 
placed on formvar coated copper grids having carbon backing, then 
a small drop of suitable stain (either PTA or uranyl acetate) will 
be added to the virus suspension. The excess fluid will be 
absorbed with a small piece of filter paper leaving a very thin 
film of fluid on the grids, which will be dried at room tempera-
ture. Such grids will be examined under electron microscope. 
3.16 Serology 
3.16.1 Raising of antisera 
Young healthy rabbits, approximately 3 lbs in weight 
will be used for production of antisera. The purified or partially 
purified virus preparation will be used as antigen. 
To work out the effect of route of injection on the 
formation of antibodies as well as titre of the antiserum, antigen 
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(virus preparation) will be injected intravenously or intramuscu-
larly or in both ways„ 
Antigens will be administered intravenously through the 
marginal ear vein of the rabbit using a clinical syringe with a 
fine needle^ Five to seven weekly injections of virus preparation 
of 2 ml each will be administered intravenously through the 
marginal vein of the ear. For intramuscular injections, antigen 
(virus preparation) will be emulsified with an equal volume of 
Freund's incomplete adjuvant. Two injections of the virus-adjuvant 
mixture of 3 ml each at an interval of 2 weeks will be administered 
intramuscularly in thigh of the same rabbit which has been given 
intravenous injections of antigen. Test bleeding will be made 
several times from the ear of the rabbit at different intervals 
after the administration of last intramuscular injection to check 
the antibody titre in serum. After the titre has reached its 
maximum, the immunized rabbits will be finally bled by giving a 
sharp incission on the marginal vein of the ear, which has not been 
used for injecting the antigen. About 10-15 ml of the blood will 
be collected and allowed to clot at room temperature (20-25°C) for 
2 h and kept overnight in a refrigerator. Serum containing anti-
bodies (antiserum) will thereafter be separated and centrifuged 
at 1,000 rpm for 5 minutes to remove fibrin, blood cells etc. The 
straw, yellow coloured antiserum will be collected and stored for 
serological studies. 
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To identify the virus under investigation upto group or 
strain level, the Ouchteriony's double diffusion test (Ouchterlony, 
1962) will be performed, 
3,16,2 Ouchterlony double diffusion test 
One per cent agar will be prepared in 0,85^ saline 
containing 0,1-0e2% sodium azide. Suitable amount of agar will 
be poured into sterilized petridishes so as to get a 2-3 mm thick 
agar bed. Using a cork borer of 5 mm diameter, wells will be made 
into the agar and the cut portions of agar will be removed by 
aspiration. The distance between two adjacent wells will be kept 
5 mm. The central well will be filled with antiserum. The remain-
ing wells will be filled with various dilutions of antigen made in 
physiological saline (0.85?^  NaCl solution) and the clarified sap 
from healthy planto Such treated petridishes will be incubated at 
room temperature and observed for the formation of precipitin 
lines, 
3,17 Isolation of nucleic acid 
Nucleic acid of the virions will be isolated using the 
phenol detergent method. To a 2,5 ml of purified virus prepara-
tion will be added 0,05 ml of 6% sodium dodecyl sulphate and 
2,6 ml of water saturated phenol. The phenol used will be 
redistilled and stored at 10°C after adding distilled water. The 
mixture will be stirred in a glass tube on a magnetic stirrer for 
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10 minutes and then centrifuged for 5 minutes at 3,000 rpm in a 
clinical centrifuge. The mixture will separate into two layers, 
the upper aqueous layer and the lower phenol layer containing 
sodium dodecyl sulphate. The top aqueous layer will be drawn off 
with a pipette. To the lower phase 2,5 ml of 0,1M phosphate 
buffer pH 7.0 will be added and stirred for 10 minutes and then 
centrifuged for 5 minutes at 3,000 rpm. The aqueous phase will be 
drawn off and pooled together with the aqueous phase obtained at 
previous step and stirred for 10 minutes with an equal volume of 
phenol followed by centrifugation. The aqueous phase will be 
extracted once more with half the volume of phenol. Traces of 
phenol will be removed from the aqueous phase by extraction with 
ether. The nucleic acid will be precipitated by the addition of 
2 ml of ice-cold ethanol to the solution. The precipitate will be 
pelleted out by centrifugation for 15 minutes at 7,500 rpm. The 
pellet will be suspended in O.IM phosphate buffer pH 7.0 and 
centrifuged for 15 minutes at 10,000 rpm to remove any insoluble 
material present in the preparation and the supernatant thus 
obtained will be tested for infectivity and type (RNA or DNA) of 
the nucleic acid. 
3.17,1 Infectivity of viral nucleic acid 
Infectivity of viral nucleic acid will be assessed by 
inoculating the nucleic acid preparation on the local lesion host. 
Several dilutions of nucleic acid preparation will be made and 
inoculated on the local lesion host and the number of local lesions 
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developed will be compared with the corresponding dilutions of 
virus preparation. 
3.17.2 Type of nucleic acid 
It is well known that RNA and DNA differ in their chemi-
cal composition with respect to the base and sugar involved in 
their composition. RNAs are known to contain ribose sugar and 
uracil base (other three being adenine, guanine|and cytosine) while 
DNAs contain thymine (other three bases being the same as in RNA) 
and deoxyribose sugar» 
Thus, test will be performed to study the type of sugar, 
Dipehnyl amine test for deoxyribose or orcinol test for ribose 
sugar will be used for ascertaining the type of nucleic acid in 
virus under investigation. 
3.17.3 Percentage of nucleic acid 
An approximate percentage of nucleic acid in virion will 
be worked out based on the UV absorption spectrum of the purified 
preparationo The value of the ratio between A-280/260 will be 
used for making an approximation of per cent nucleic acid in the 
virus particles. 
CHAPTER 4 
R T E I ^ E R E N C E i S 
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